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EXECUTIVE SUMMARY 


The Residential Lead-Based Paint Hazard Reduction Act of 1992 (Title X) required EPA 
“to ensure the availability of a trained and qualified workforce to identify and address lead-based 
paint hazards, and to protect the general public from exposure to lead hazards” [5]. As required 
by Title X, the U.S. Environmental Protection Agency (EPA) published a final rule for Section 
402 of the Toxic Substances Control Act (TSCA) [4], in August 1996, which detailed the 
requirements for conducting lead-based paint activities. This rule requires that a risk assessment, 
lead hazard screen, inspection, and risk assessment/inspection be performed by certified 
individuals. While many aspects of the sampling and inspection are prescribed for the risk 
assessor, in other areas the certified individual has the freedom to use personal judgement to 
specify the extent of sampling during a risk assessment, including the location and number of 
samples taken. 

The purpose of this task was to characterize the probability of a certified risk assessor 
correctly identifying a lead-based paint hazard in single family housing units when choices 
allowed by the Section 402 regulations are made. Specifically, the choices assessed were the 
number of rooms in which dust samples are collected and specific rooms in which dust is 
sampled. In addition, the method used to characterize the dust and soil samples was assessed by 
evaluating the ability of three statistics (geometric mean, arithmetic mean, and maximum value) 
to characterize the dust and soil levels found in the home. The task had three specific objectives: 

1. Characterize the way different sampling protocols affect a) the probability of 

correctly concluding that an environmental lead hazard exists (defined for the 
purposes of this analysis as the presence of a child with a blood-lead concentration 
greater than or equal to 10 g/dL) in single family housing (performance 
characteristic analysis) and b) the cost of the assessment (cost analysis). Also 
characterize differences between the 403 Interim Guidance and the 403 Proposed 


Rule in the probability of correctly identifying a health hazard in single-family 
housing (performance characteristic analysis). 


2. Characterize for a risk assessment and lead hazard screen a) how well different 
estimators and sampling protocols estimate the true average lead levels in a single 
family home and b) the error probabilities associated with concluding that a home is 
above or below a given media standard for different estimators and sampling 


_ protocols (error probabilities analysis). 


Xi 


3. Assess which sampling locations risk assessors may want to target in order to assure 
that they are best evaluating the potential lead hazard to a child (pathways analysis). 
Objective 1 was fulfilled using two sets of information. The first set was the risk 
assessment cost information collected from nine risk assessors in nine States. The second set 
was calculated information on four performance characteristics: sensitivity, specificity, positive 


predictive value (PPV), and negative predictive value (NPV). Briefly, 


a) Sensitivity is the probability that lead-based paint hazards have been found in the 
home given that there is a child with an elevated blood-lead concentration in the 
home 


b) Specificity is the probability that no lead-based paint hazards have been found in the 
home given that there is a child with a low blood-lead concentration in the home 


c) PPV is the probability that the child in the home has an elevated blood-lead 
concentration given that lead-based paint hazards have been found 1n the home 


d) NPV is the probability that the child in the home has a low blood-lead concentration 
given that no lead-based paint hazards have been found in the home. 


Objective 2 was fulfilled using two types of error probabilities: Type I (false positive) 
error and Type II (false negative) error. Each is briefly defined as follows: 


a) A Type I (false positive) error is the probability of a risk assessment concluding that a 
home has lead-based paint hazards when the home does not. 


b) A Type II (false negative) error is the probability of a risk assessment concluding that 
a home has no lead-based paint hazards when the home does in fact have lead-based 
paint hazards. 


Finally, Objective 3 was fulfilled using Pearson eouclation coefficients and structural 
equation models (pathways models). | 7 

The Objective 1 and 2 analyses used the media (dust and soil) and component (floors, 
eindow sills, and window wells) standards listed in EPA’s 403 Interim Guidance and EPA’s 403 
Proposed Rule, and shown in Table ES-1, to calculate performance characteristics and error 
probabilities. At the time of this report, the guidance for the Section 402 activities was the 


Section 403 Interim Guidance and the HUD Guidelines. When the Section 403 Proposed Rule 


xii 


becomes final, the guidance in the Proposed Rule will supersede the Section 403 Interim 
Guidance. Therefore, the analyses assessed the impact that the standards in the Proposed Rule 
may have on the outcome of risk assessments, compared to the outcomes observed under the 


Interim Guidance standards. 


Table ES-1. Environmental Standards Used in the Analyses. 


: | | Hazard Standards for Comparison a | 
| Media | | EPA Interim 403 Guidance EPA Proposed 403 Rule | 


Dust Wipe > 100 yg/ft?* | | >50 yg/ft?* 
Window Sills 2500 yg/ft? | >250 yg/ft? | 7 


Window Wells” , 5 
(Troughs) | | perenne | Nome 


Soil (Bare) 25,000 ppm | >2,000 ppm 


Painted components with areas Any deterioration present 1) >2ft? deteriorated for large interior 

of deteriorated lead-based | components; 2) 210 ft? deteriorated 

paint* * for large exterior components; or 3) 
| >10% of the (interior or exterior) 





surface deteriorated for small 
components 


* Floor dust wipe samples from uncarpeted floors only. 
** The statutory definition of lead-based paint is paint with 21.0 mg/cm? lead or 20.5% lead by weight. 


Data from the Rochester Lead-In-Dust Study [8], the Comprehensive Abatement 
Performance (CAP) Study [21, 22], the Rhode Island Health Department’, and nine risk assessors 
were used in one or more of the analyses. 

For Objective 1, only the Rochester study data were used in the performance 
characteristic analysis. The cost information from the surveyed risk assessors was used to 
evaluate the cost of risk assessments and lead hazard screens. Note that special emphasis was 
given to the sensitivity and NPV in the performance characteristic analysis. The sensitivity 
focuses on the home media failure rate when the child is known to have an elevated blood-lead 


concentration, while the NPV focuses on the probability of a child having a low blood-lead 





| | Data from the Rhode Island Health Department was not collected as part of a study, but as part of the lead 
program in the State of Rhode Island. | : | 7 - 
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concentration when it is known that the media samples have passed the standards. The results 


indicated the following: 


@ The estimated cost of a risk assessment in areas where they are commonly performed 
was $435, while the average cost for a lead hazard screen was $169. 


@ Dust samples collected from the interior entryway and kitchen did not significantly 
add to information obtained from dust eampice collected from the bedroom and play 
area. 


@ Under the Interim Guidance standards, the maximum value of the dust and soil 
samples yielded the highest sensitivity and NPV, while under the Proposed Rule the 
arithmetic mean of the dust and soil samples had the highest sensitivity and NPV. 


@ The exclusion of a window well (trough) standard in the Proposed Rule did not affect 
the ability of the risk assessment to identify health hazards. The exclusion could 
impact the outcome of a lead hazard screen. Section 402 only prescribes that 
“windows” be sampled for a lead hazard screen. The 1995 HUD Guidelines 
interpreted “windows” as sampling only the window wells (troughs) and not the 
window sills. Different interpretations and standards allow several scenarios under 
which a lead hazard screen may be performed including potentially not sampling any 
windows. Under the Interim Guidance, a lead hazard screen that samples only 
window sills is less effective in identifying potential health hazards than the full risk 
assessment. When both the window sills and window wells (troughs) are sampled, 
the lead hazard screen is as effective as the risk assessment. Under the Proposed 
Rule, the lead hazard screen is as effective as the full risk assessment when window 
sills are sampled. 


@ The combination of using the arithmetic mean to characterize the dust and soil 
samples and the lower standards, under the Proposed Rule, seem to provide for an 
assessment that maintains the ability to identify health hazards while failing fewer 
homes than that would have failed under the Interim Guidance piangsrass 


The Rochester study data, CAP Study ae and Rhode Island Department of Health data 


were used in the Objective 2 analyat The results showed that: 


® Type I (false positive) error rates were highest when the maximum value was used to 
characterize the true medium average lead level and lowest when the geometric mean 
was used. The opposite was true for the Type II (false negative) error rates. The 
arithmetic mean error rates were always between the maximum value and geometric 
mean error rates. | 
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@ The Type I (false positive) and Type II (false negative) error rates were usually over 
25% for all three statistics—geometric mean, arithmetic mean, and maximum value — 
when the true medium lead levels were within 20% of the medium standard. This 
indicates a large area where incorrect decisions may be made, regardless of the 
method used to characterize the dust and soil samples. 


@ The Type I (false positive) error probabilities increased as the number of samples 
collected for dust and soil increased when the maximum value was used to 
characterize the dust and soil samples. The Type I (false positive) error probabilities 
were much less dependent on the number of samples collected for the arithmetic 
mean and geometric mean. 


—@ = The combination of lowering the dust and soil standards and using the arithmetic 
mean to characterize these samples, as written in the Proposed Rule, seems to have 
improved the discrimination of the risk assessment conducted under the Interim 
Guidance by reducing the Type I (false positive) and Type Il (false negative) error 
probabilities. : | 


Only the Rochester study data were used in the Objective 3 analysis. This analysis 


showed: 


@ The log-transformed blood-lead concentrations were positively correlated with the 
log-transformed dust-lead loadings on the floors, window sills, and window wells 
(troughs) in the bedroom, kitchen, and play area. 


@ The log-transformed kitchen and play area window well (trough) dust-lead loadings, 
interior entryway and the kitchen floor dust-lead loadings, and play area and bedroom 
floors dust-lead loadings were significantly correlated. 


@ The play area floor dust was the only statistically significant pathway of 
environmental lead to the child’s blood. This finding applies to the Rochester Study, 
but may or may not be the case for other studies. The reason for the significance of 
the play area floor dust in this analysis may be because, in the Rochester study, the 
play area floor was the pathway the children were most often in contact. The 
conclusion indicates that the risk assessor may want to collect samples from the 
child’s play area floor to best assess a potential lead hazard to the child. 


@ The window well (trough) dust lead was a statistically significant pathway of lead to 
the window sill dust in both the bedroom and play area. This indicates that sampling 
either the window well (trough) or window sill may provide enough information 
about the lead hazard from the windows. | | 


In summary, dust samples obtained from interior entryways and kitchens did not 


significantly add to information obtained from dust samples collected from bedrooms and play 
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areas; increasing the number of dust samples collected only affected the outcome of a risk 
assessment when the maximum value was used to characterize the dust samples; sampling play 
area floors provided the best indication of the lead hazard to a child in the Rochester study (this 
may or may not be the case for other studies); removing the window wells (troughs) from the risk 
assessment did not affect the ability of the assessment to identify lead hazards; and the 
combination of the lower soil and dust standards and the use of the arithmetic mean to 
characterize these samples, as described in the Proposed Rule, resulted in an assessment that 


provided the same protection as the Interim Guidance, but failed fewer homes. 
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1.0 INTRODUCTION 

Although the average blood-lead concentration of children has dropped dramatically over 
the last twenty years, an estimated 890,000 children aged 1 to 5 years still have blood-lead 
concentrations greater than or equal to 10 pg/dL [9]. Lead in dust, soil, and paint in their 
residences is considered the primary source of lead exposure for these children. The Residential 
Lead-Based Paint Hazard Reduction Act of 1992 (Title X) amended the Toxic Substances 
Control Act (TSCA) by adding Title IV, “Lead Exposure Reduction.” Section 403 of TSCA 
requires EPA to promulgate regulations that identify lead-based paint hazards, lead-contaminated 
dust, and lead-contaminated soil [4]. Section 402 of TSCA requires EPA to finalize a federal 
regulation “to ensure the availability of a trained and qualified workforce to identify and address 
lead-based paint hazards, and to protect the general public from exposure to lead hazards” [5]. In 
addition, the rule was established “to ensure that individuals and firms conducting lead-based 
paint activities in target housing and child-occupied facilities will do so in a way that safeguards 
the environment and protects the health of building occupants, especially children aged 6 years 
and under” [5]. | 

In September 1995, while in the process of developing the Section 403 regulations, EPA 
‘ssued a notice that contained “information designed to serve as guidance [Interim Guidance] 
until the promulgation of the final rule” [4]. This information contained media and component 
standards by which those addressing lead-based paint concerns could conduct their activities. In 
particular the Interim Guidance provided standards for sampling floor dust, window sill dust, 
window well dust, soil, and paint samples. 

In August 1996, EPA issued a final regulation for Section 402 requiring that a risk 
assessment, lead hazard screen, inspection, and risk assessment/inspection be performed by a 
certified risk assessor. The Section 402 rule did not dictate one set of methods or standards for 
carrying out the activities, but listed documents that contained methods/standards appropriate for 
conducting the activities [5]: 


® U.S. Department of Housing and Urban Development (HUD) Guidelines for the 
Evaluation and Control of Lead-Based Paint Hazards in Housing [HUD Guidelines] 


@ EPA Guidance on Residential Lead-Based Paint, Lead-Contaminated Dust, and Lead- 
Contaminated Soil [403 Interim Guidance] 


@ EPA Residential Sampling for Lead: Protocols for Dust and Soil Sampling; 
Regulations, guidance, methods or protocols issued by States and Indian Tribes that 
have been authorized by EPA 


® Other equivalent methods and guidelines. 


Section 402 provides general guidance for conducting risk assessment activities and 
references the HUD Guidelines and the Section 403 Interim Guidance as providing more 
specifics on conducting risk assessment activities. The HUD Guidelines provide specific 
methods for conducting risk assessments and provide standards against which the media samples 
collected are to be compared. The 403 Interim Guidance provides some detail on how to conduct 
risk assessments and provides standards against which the media samples collected are to be 
compared. Differences and distinctions between Section 402, the HUD Guidelines, and the 


Section 403 Interim Guidance are as follows: 


1. Section 402 makes no distinction between window well? and window sill sampling 
for a lead hazard screen, only requiring that dust samples be collected from 
“windows.” The HUD Guidelines distinguishes between sampling from window 
wells and window sills, and both the HUD Guidelines and the Section 403 Interim 
Guidance provide individual standards for the window sills and the window wells. 


2. For both risk assessment and lead hazard screens, Section 402 makes no distinction 
between sampling dust from carpeted and uncarpeted floors, only requiring that dust 
samples be collected from “floors.” The HUD Guidelines distinguishes between 
sampling from carpeted and uncarpeted floors and provides standards for both types 
of floors. The Section 403 Interim Guidance recommends that floor dust sampling 
occur on uncarpeted floors and only provides a standard for uncarpeted floors. 


In June 1998, EPA issued a Proposed Rule for Section 403 [20]. The Proposed Rule 
differs from the 403 Interim Guidance in the following ways: 





a Throughout the document, the terms “window sill” and window well” will be used. For clarity, the 
definition of each term is given below: 


Window Sill: The portion of the horizontal window ledge that protrudes into the interior of the room, 
adjacent to the window sash when the window is closed [23]. Also referred to as “window stool.” 


Window Well: The portion of the horizontal window sill that receives the window sash when the window 
is closed, often located between the storm window and the interior window sash [23]. Also referred to as a 
“window trough” or “window channel.” 


1. While the Interim Guidance made no distinction between carpeted and uncarpeted 
floors, the Proposed Rule provides a standard for uncarpeted floors but states that 
EPA has not made a decision on a standard for carpeted floors 


2. The Proposed Rule halves the uncarpeted floor and window sill standards listed in the 
Interim Guidance and does not provide a standard for window wells 


3. The soil standard was decreased from 5,000 ppm in the Interim Guidance to 2,000 
ppm in the Proposed Rule | | 


4. In the Proposed Rule, the arithmetic average from uncarpeted floor dust-lead loading, 
window sill dust-lead loading, and dripline and mid-yard soil-lead concentration was 
- compared to the corresponding standard, whereas in the Interim Guidance, each 
individual sample result was compared to the relevant standard. 


The purpose of this task was to characterize the probability that a certified risk assessor 
correctly identifies a lead-based paint hazard in single family housing units when using various 
options allowed by the protocols specified in Section 402 regulations and when using the 
standards and methods prescribed in both the 403 Interim Guidance and Section 403 Proposed 
Rule. Table 1-1 lists the standards. | oo 


Table 1-1. Environmental Standards Used in the Analyses. 















Hazard Standards for Comparison 


: | _ EPA Interim 403 Guidance | EPA Proposed 403 Rule 
oe | 100 wgftte in cE La | 
| Window Sills | >500 yg/ft? | 2250 yg/ft? 


| [Window Wells | ae © 
| | itrougns) | te 
| Soil (Bare) os >5,000 ppm | >2,000 ppm | 


| Painted components. with areas Any deterioration present | 1) >2ft? deteriorated for large interior 
| of deteriorated lead-based i | components; 2) 210 ft? deteriorated 

i] paint* * | for large exterior components, or 3) 

| >10% of the (interior or exterior) 

| surface deteriorated for small 

| components 




















| Dust Wipe 






























* Floor dust wipe samples from uncarpeted floors only. 
** The statutory definition of lead-based paint is paint with 21.0 mg/cm? lead or 20.5% lead by weight. 


In particular, the probability of correctly identifying a lead-based paint hazard was 
evaluated both from the perspective of a health hazard as characterized by a resident child with 
blood lead concentration greater than or equal to 10 g/dL, and from the perspective of 
environmental lead levels being above a given standard. The choice of sampling options 
included the number of rooms, the location of samples to be collected, and whether to conduct a 
lead hazard screen or a full risk assessment. In addition, the type of estimator used to | 
characterize the lead hazard in a home (arithmetic mean, geometric mean, and the maximum 
value across samples within a home) was assessed. | 

Although a certified risk assessor may perform several activities, the focus of the analysis 
was on the risk assessment and the lead hazard screen. 

The costs for each of the activities were solicited from several contractors around the 
country and were provided for descriptive purposes only. 

Comparisons involving the Interim Guidance and the Proposed Rule followed their 
respective protocols with one exception. For both sets of protocols, data for carpeted floors were 
also included in the analysis. Neither the Interim Guidance nor the Proposed Rule provides a 
standard for carpeted floors; in fact, the Proposed Rule explicitly states that a standard for 
carpeted floors was not included. Data for carpeted floors were included in the analysis to assess 


sampling that may be conducted under the HUD Guidelines. 


1.1 OBJECTIVES 

The overall objective of the analyses discussed in this report were to evaluate some of the 
choices a risk assessor may make when identifying lead hazards in a single family home and to 
evaluate the differences between the 403 Proposed Rule and the 403 Interim Guidance. This 
includes evaluating 1) the sampling choices a risk assessor may make during a risk assessment 
and 2) the choice between performing a risk assessment or a lead hazard screen. 

_ The statistical analysis obj ectives in this study are the following: 
1. Characterize the way different sampling protocols affect a) the probability of 


correctly concluding that an environmental lead hazard exists (defined for purposes 
of this analysis as the presence of a child with a blood-lead concentration greater than 


or equal to 10 g/dL) in single family housing (performance characteristic analysis) 


and b) the cost of the assessment (cost analysis). Also characterize differences 
between the 403 Interim Guidance and the 403 Proposed Rule in the probability of 


correctly identifying a health hazard in single family housing (performance 
characteristic analysis). 


2. Characterize for a risk assessment and lead hazard screen a) how well different 
estimators and sampling protocols estimate the true average lead levels in a single 
family home and b) the error probabilities associated with concluding that a home is 
above or below a given media standard for different estimators and sampling 


protocols (error probabilities analysis). 


3. Assess which sampling locations risk assessors may want to target in order to best 
evaluate the potential lead hazard to a child (pathways analysis). 


Performance characteristics (sensitivity, specificity, negative predictive value, and 
positive predictive value), their associated 95% confidence intervals, and cost data obtained from 
risk assessors around the country were used to fulfill Objective 1. Within-home variance 
estimates and probability estimates of 1) a risk assessment concluding that a home has lead-based 
paint hazards when the home does not (Type 1, or false positive, error) and 2) a risk assessment 
concluding that a home has no lead-based paint hazards when the home, in fact, does (Type II, or 
false negative, error) were used to fulfill Objective 2. Correlation and structural equation 


modeling (pathways modeling) were used to fulfill Objective 3. 


1.2 STRUCTURE OF THE REPORT 

Data from the Rochester Lead-In-Dust Study [8] were used for all analyses in this report. 
Cost information collected from risk assessors around the country was also used in the Objective 
1 analysis, while data from the Comprehensive Abatement Performance (CAP) Study [21, 22] 
and the Rhode Island Department of Health were also used in the Objective 2 analyses. Section 
2 presents the conclusions drawn from the three sets of analyses. Section 3 presents quality 
ascurnce information for the data used in this analysis. Background information specific to the 
Rochester Lead-In-Dust Study data, the Rhode Island Department of Health data, and the Risk 
Assessor Cost Survey is provided in Section 4. The data and statistical methodology used in the 
analyses are discussed in Section 5. Results are presented in Section 6. A discussion of the 
results and conclusions is provided in Section 7, and references are provided in Section 8. 


Supporting documents and information are presented in the appendices. 


1.3 PEER REVIEW | _ | 
Prior to publication, this report was reviewed by four individuals with knowledge and 
expertise in the subject matter of the report but who were not involved in the development of the 
report. Reviewers conducted their assessments independently of each other. Following is a 
summary of reviewer comments that had an important impact on the report and the responses 


made to these comments. 


Adding Additional Analysis 

- One reviewer suggested that additional analyses could be performed on the Department 
of Housing and Urban Development (HUD) Lead-Based Paint Hazard Control Grant Program 
(HUD Evaluation Study) data. Though this was recognized as a very good suggestion, at the 
time that this report was written, the data availability was not adequate to ensure suitability for 
inclusion in the analysis. oe oe 

The performance characteristic analysis in this report was run using a blood lead level of 

10 ug/dL, the elevated blood lead level at which no environmental intervention is recommended 
by the Centers for Disease control (CDC). One reviewer suggested that the performance 
characteristics analysis should also be run using a blood-lead level of 15 g/dL because this is 
the cavronmentl intervention blood-lead level used by CDC and HUD. Though this is a good 


suggestion, budget and time constraints prevented running this analysis for this report. 


Adding Additional Information : 

One reviewer suggested including the article, “The Contribution of Lead- Contaminated 
House Dust and Residential Soil to Children’s Blood Lead Levels,” by Lanphear, et al. [24], as a 
reference. This article assessed 12 epidemiological studies of childhood lead exposure to | 
determine the contribution of lead-contaminated house dust and residential soil to children’s 
blood-lead levels. A pooled aadivais was used to confirm that lead-contaminated house dust (i.e., 
interior household floor dust- lead loadings) is a maj or source of lead exposure for children. 
Because this analysis did not examine the contribution of floor dust i in different rooms, it is hard 
to compare the results in this article with the results of the pathways analysis in this report. The 


pathways analysis found play area floor dust lead to be a significant pathway of lead exposure for 


children when only floor dust lead was considered to be a source of lead exposure for children. 


Nevertheless, the Lanphear article was added as a reference for this report. 


Clarification of Terms 

One reviewer asked what “gray areas” were when included in the discussion of the Type I 
(false positive) and Type II (false negative) error probability analysis. Gray areas are the ranges 
of observed levels for which there is a high probability of making an incorrect decision. For 
instance, the floor dust standard is 100 pg/ft’. A gray area around this standard could + 20%, 1.e., 
80 ug/ft? to 120 pg/ft”. If the Type I (false positive) error rate is high in this area, then there is a 
good chance that an incorrect decision about the existence of a lead hazard could be made. 


“Gray areas” are described in the text. 


Questions About Results or Interpretations 

One reviewer disagreed with one of the conclusions of the report—i.e., that the arithmetic 
mean, under the Proposed 403 Rule guidance, provides an assessment that had the same 
protection as the maximum value under the Interim Guidance Rule, but failed fewer homes. The 
reviewer suggested that the use of the arithmetic mean masked the location of the specific area 
that may be causing the home to fail, thus causing the homeowner to spend more money 
removing lead hazards. Though the arithmetic mean may be used to determine whether a lead 
hazard exists in a home for any one medium, the lead levels in the individual samples are 
available from the laboratory analysis and can be assessed by the risk assessor to pinpoint the 
areas that may have to be cleaned. Therefore, use of the arithmetic mean does not mask the 
location, but is used as a reporting mechanism for determining the existence of a lead hazard in 
the home. | 

The same reviewer felt that too many homes may pass a risk assessment when they 
should have failed, if the arithmetic mean is used. It is true that more homes will fail a risk 
assessment when the maximum value is used, but the positive and negative predictive values in 
the performance characteristic analysis indicate that when the maximum value is used 1) more 
homes that should have passed the risk assessment fail and 2) more homes that should have 
failed, pass. The error probabilities analysis showed that the use of the arithmetic mean under 


the Proposed Rule guidance improved the discrimination of the risk assessment by reducing the 


Type I (false positive) and Type II (false negative) errors when compared to the maximum value. 
Also the discrimination of the maximum value was shown to be dependent on the number of 
samples collected; i.e., better discrimination as the number of samples collected increases, while 
the arithmetic mean is less dependent on the number of samples. collected. 

A key assumption of the error probability analysis—no room in a home was more 
indicative of the dust-lead hazard available to a child than any other room in a home—was 
questioned by two reviewers. This assumption was made to permit assessing the impact of any 
one room on the dust-lead hazard to a child without introducing any constraints. In different 
parts of the country, different constraints may be placed on the room that has more impact on the 
child’s blood-lead concentration. For instance, one reviewer pointed out that in California and 
other Western states, a child’s primary play area may consist of a porch, patio, or balcony, while 
in the Rochester Study, the primary play area may be the child’s bedroom. 

One reviewer, familiar with the Rochester data, questioned the performance characteristic 
analysis of 2, 3, or 4 rooms. The reviewer felt that when adding entryways and kitchens, few 
additional window sill or window well samples were included in the analysis. This is true. In 
the 83 homes included in this analysis, few window sill or window well samples were collected 
in interior entryways and kitchens. In many of these homes, though, floor samples were 
collected in these rooms. Since the focus of the analysis was on the impact of overall sampling 
in additional rooms, and not on specific components, the fact that window sill and window well 
samples were not collected was not considered a hindrance in the analysis. Ideally, each 
additional room would have had a floor, window sill, and window well dust sample taken; but 
since the data were not collected specifically for this analysis, the best available information was 
used. 

A reviewer pointed out that, when identifying paint-lead health hazards in the 
performance characteristic and error probability analysis, the distribution of the paint-lead 
concentration, as well as the distribution of the paint deterioration percentage, would better 
quantify differences. The report was not aimed at analyzing paint-lead concentrations, and there 
was no possibility of assessing paint deterioration distributions since the Rochester data were 
only reported as a categorical variable (1=0% to <5% deteriorated painted surface, 2 = 25% to 


<15% deteriorated painted surface, and 3 = >15% deteriorated painted surface). Another 


reviewer asked for an analysis using the Proposed Rule paint deterioration standard of >10%; 
but, again, because of the limitations of the data, this was not possible. 

In the summary of the phone survey of risk assessors in the United States, one reviewer 
pointed out that some of the risk assessors reported collecting fewer samples than may be 
legitimate for a risk assessment. The numbers reported are the numbers collected in the phone 
survey and reflect what the risk assessors contacted were doing, on average, at the time of the 
call. Another reviewer questioned why only nine risk assessors were called. This was a result of 
time and budget constraints. Due to these constraints, it was thought that some information from 
around the country was better than no information. It is recognized throughout the discussion of 
the phone survey that the information presented is not statistically representative of the 


population of risk assessors in the United States. 


Other Comments 
Other changes to the report based on the reviewers’ comments included the following: 


@ Added footnotes to several tables in Chapter 6 and Appendix G indicating sample 
sizes in the analysis. 


@ Added a footnote explaining that the Rhode Island data were not collected as part of 
a study, but were collected as part of the lead program in the State of Rhode Island. 


@ Discussed the potential differences in recovery rates between actual composite 
samples and the simulated composite samples used in the performance characteristic 
analysis. 


® Discussed the fact that limited data were available that met the data requirements of 
the analysis. 


2.0 CONCLUSIONS 


This section presents overall conclusions drawn from analyses using the Rochester Lead- 


In-Dust Study data, the Comprehensive Abatement Performance (CAP) Study data, data from the 


Rhode Island Department of Health, and cost information collected from nine risk assessors 


around the United States. 


2.1 OBJECTIVE 1: PROBABILITY OF CORRECTLY IDENTIFYING A LEAD-BASED PAINT 
HEALTH HAZARD IN SINGLE FAMILY HOUSING AND THE COSTS ASSOCIATED 
WITH THE RISK ASSESSMENT 


2.1.1. Risk Assessor Costs 


Caution: 


The results and conclusions presented below are based on responses from nine 
contractors in phone interviews conducted in May 1997 and follow-up interviews 
conducted in April 1998 with seven of the original nine contractors. Because of the 
small sample size and changing markets for risk assessments and sample analyses, 
caution should be exercised when interpreting these results. 


The estimated cost of a risk assessment in areas where they are most commonly 
performed was $435, while the average cost for a lead hazard screen was $169. 


There was tremendous variability among contractors in the total estimated costs for 
risk assessments, inspections, lead hazard screens, and risk assessments/inspections. 
Total costs ranged from $90 for a lead hazard screen by a contractor in the northeast 
to $2,825 for a risk assessment/inspection by a contractor in the south. Some 
possible reasons for the differences may include the demand for the service or the 
number of contractors in the area. One contractor in the south thought his prices 
were higher because he performed fewer risk assessment activities in his area of the 
country than may be performed in other areas of the country. 


Generally the cost per sample included both the collection and analysis costs, though 
some contractors did charge analysis fees separately and included the collection cost 
in the base fee. 


The average total cost per sample (collection plus analysis costs) was highest for 
composite dust samples ($20) and lowest for water samples ($13). 


The average the total cost per composite dust sample ($20) was only slightly higher 
than the average total cost per single dust sample ($19). (Note that the number of 
samples in the composite was not reported, and only three contractors reported costs 
for the composite dust sample compared to nine for the single dust samples.) 
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Paint chip total costs per sample were not reported, even for those contractors that 
used paint chip samples in their assessments. For those assessors that performed 
paint chip analysis, the costs for the sampling tended to be included in the base fee 
for the environmental sampling. 


The average number of samples collected during an activity depended on how 
contractors collected the samples as well as the media sampled. 


2.1.2 Performance Characteristic Analysis 


Using only the Rochester study data, four performance characteristics were used in this 


analysis to assess various sampling protocols and standards. The four characteristics were 


sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). 


Briefly, 


a) 


b) 
Cc) 


d) 


Sensitivity is the probability that lead-based paint hazards have been found in the 
home given that there is a child with an elevated blood-lead concentration in the 
home : | 


Specificity is the probability that no lead-based paint hazards have been found in the 
home given that there is a child with a low blood-lead concentration in the home 


PPV is the probability that the child in the home has an elevated blood-lead 
concentration given that lead-based paint hazards have been found in the home 


NPV is the probability that the child in the home has a low blood-lead concentration 
- given that no lead-based paint hazards have been found in the home. 


For all four characteristics, a higher probability reflects a more accurate assessment. The 


following are the conclusions drawn from the results of the performance characteristic analysis: 


Application of the 403 Proposed Rule found fewer homes with lead-based paint 
hazards than the 403 Interim Guidance standards without sacrificing the ability to 
determine whether a health hazard exists. The NPV, specificity, and PPV were 
higher for the 403 Proposed Rule standards than for the 403 Interim Guidance 
standards, while the sensitivity was the same for both sets of standards. This occurs 
despite the exclusion of a window well dust standard in the Proposed Rule. 


The Proposed Rule’s use of the arithmetic mean of dust and soil samples, combined 
with the lower media standards, provides a slightly more discriminating, though not 
statistically significant, assessment than the Interim Guidance, which uses the 

maximum value of the dust and soil samples to compare to higher media standards. 
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The sensitivity and NPV for a risk assessment under the Proposed Rule is 91.7% and 
92.6%, respectively, and 91.7% and 87.5% under the Interim Guidance. 


In the assessment of the number of rooms from which to collect dust samples during 
a risk assessment, collecting dust wipe samples from four rooms (1.e., the bedroom, 
play area, interior entryway, and kitchen) did not significantly improve the 
performance characteristics when compared to collecting dust wipe samples from 
only two rooms (i.e., the bedroom and play area). Table 2-1 presents the 
performance characteristics when dust samples are collected from two and four 
rooms when the Interim Guidance and Proposed Rule standards are applied. 


Table 2-1. Summary of the Performance Characteristics when Dust Samples 
are Obtained from Four Rooms and Two Rooms in a Home. 


Four Rooms | 7 
(Bedroom, Play Area, Entryway, Two Rooms | | 
Kitchen) (Bedroom and Play Area) | 


| Performance Interim. Proposed Interim Proposed 
Characteristic Guidance : Rule Guidance Rule 


88.2% 64.7% 88.2% | 58.8% 
: 


Specificity 19.7% 74.2% 21.2% 3% 
a wer cae - 
86.7% 89.1% 87.5% 87.9% 





Within the respective guidance standards, the differences between the performance 
characteristics shown in Table 2-1 were not statistically significant. 


In terms of sensitivity and NPV, under the Interim Guidance standards, using the 
maximum value to characterize the house dust and soil lead levels resulted in a 
slightly better detection of a lead health hazard when compared to either the 
arithmetic or geometric mean. Under the Proposed Rule standards, the arithmetic 
mean does a slightly better job of detecting a lead health hazard when compared to 
the geometric mean or maximum value. 7 | 


There was no quantitative difference in identifying lead health hazards through a risk 
assessment using paint samples from surfaces with greater than 15% deteriorated 
paint as opposed to using paint samples from surfaces with greater than 5% 
deteriorated paint. The performance characteristics were not statistically different. 


Under the Interim Guidance, a lead hazard screen that samples only window sills or 
only window wells was less effective (in terms of sensitivity and NPV) in identifying 
potential health hazards than the full risk assessment. When both window sill and 
window wells were sampled, the hazard screen (sensitivity = 91.7% and NPV = 
89.5%) was as effective as the risk assessment (sensitivity = 91.7% and NPV = 
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87.5%). Under the Proposed Rule, when the window sills were sampled, the lead 
hazard screen was as effective as the full risk assessment, sensitivity was 91.7% and 
91.7% and the NPV was 91.7% and 92.6%, respectively. When no windows were 
sampled, the Proposed Rule lead hazard screen was not as effective. Note that the 
results may be difficult to interpret since the Rochester study homes would generally 
have not met the criteria for choosing a lead hazard ‘screen over a risk assessment 
(1.e., 95% of all the homes were built before 1970). 


2.2 OBJECTIVE 2: ABILITY OF ESTIMATORS AND SAMPLING PROTOCOLS TO 
DETERMINE “TRUE” AVERAGE LEAD LEVELS | 
Data from the Rochester study, the CAP Study, and the Rhode Island Department of 
Health were used to calculate within-house components of variation for two types of error 


probabilities: Type I (false positive) error and Type II (false negative) error. Briefly, 


a) A Type I (false positive) error is the probability of a risk assessment concluding that 
a home has lead-based paint hazards when the home does not 


b) A Type II (false negative) error is the probability of a risk assessment concluding 
that a home has no lead-based paint hazards when the home in fact does. 


The error probabilities were calculated for three statistics: geometric mean, arithmetic 
mean, and maximum value. Each statistic’s ability to characterize the “true” lead levels in a 
house were assessed individually for different sampling protocols, different media (dust and 
soil), different sampling components (floors, window sills, and window wells), and different 
standards (Interim Guidance and Proposed Rule). 

The within-house variability estimates that were used to calculate error probabilities were 
from the Rochester Study floor, window sill, and window well dust wipe samples; the CAP study 
foundation and boundary soil samples; and the Rhode Island Department of Health floor, 
window sill, and window well dust wipe samples and side of house/foundations soil samples. 

The following general conclusions were drawn from the error probability eae for each set of 


data. 


® The maximum value had the highest Type I (false positive) and lowest Type II (false 
7 negative) error rates for each medium, the geometric mean had the lowest Type I and 
highest Type II error rates, and the arithmetic mean Type I and Type II error rates. 
always \ were between the maximum | value and geometric mean error rates. 


-@ Both Type I (false positive) and Type II (false negative) error rates were high 
(usually over 25%) for all three statistics when the true media lead level was assumed 
to be within 20% of the media standard. The high error rates in a fairly large window 
imply that there is a very large “gray” area around the standard where there is a high 
probability of a “wrong” decision. 


®@ The Type II (false negative) error probabilities decreased as the number of samples 
collected for dust and soil increased from two to four samples, when the maximum 
value was used. The Type II (false negative) error probabilities were less dependent 
on the number of samples collected when the arithmetic mean and geometric mean 
were used to characterize the dust and soil. This implies that the level of protection 
in a risk assessment is dependent on the number of dust and soil samples collected, 
especially if the maximum value is used to characterize the dust and soil samples. 


® The combination of lowering the dust and soil standards and using the arithmetic 
mean as the characterization of floor dust lead, window sill dust lead, and soil lead in 
the home, as written in the Proposed Rule, seemed to have improved the 
discrimination of the risk assessment from the 403 Interim Guidance by reducing the 
Type I (false positive) and Type II (false negative) error probabilities. 


BJECTIVE 3: SAMPLING LOCATIONS RISK ASSESSORS MAY WANT TO 


2.3 O 


TARGET TO EVALUATE POTENTIAL LEAD HAZARDS 





A risk assessor has a choice of rooms and components to sample during a risk 
assessment. To inform a risk assessor on which rooms and components to sample, this analysis 
assessed the rooms and components that significantly impacted the blood-lead concentration of 


children in the Rochester Study. Below are the conclusions drawn from this analysis. 


@ There was statistically significant and positive bivariate correlation between the log- 
transformed blood-lead concentration and the log-transformed floor, window sill, and 
window well dust wipe lead loadings from the bedroom, play area, and kitchen. This 
indicated that the pathways of lead from the floor, window sill, and window well in 
the bedroom, play area, and kitchen to the blood should be assessed in the structural 
equation modeling (SEM) analysis. 


® The most statistically significant correlation among the log-transformed dust wipe 
lead loadings occurred between 1) the kitchen and play area window wells, 2) the 
interior entryway and the kitchen floors, and 3) the play area and bedroom floors. 
This indicated that the pathways of lead from the kitchen to play area window wells, 
play area to kitchen window wells, interior entryway to kitchen floors, and play area 
to bedroom and bedroom to play area floors should be assessed in the SEM analysis. 


® The SEM analysis showed the play area floor dust to be the only statistically 
significant direct pathway of lead exposure to the child’s blood. There were no 


14 


statistically significant indirect pathways of lead exposure. This implies that the risk 
assessor may want to sample dust from the child’s play area floors to best assess the 
lead hazard available to the child. 


The pathways of lead from the window well to the window sill in the bedroom and 
play area were statistically significant. This indicates that sampling both the window 
well and window sill may be unnecessary. 


3.0 QUALITY ASSURANCE 

Four sources of data were used for the analyses in this report: the Rochester Lead-In- 
Dust Study data, the Comprehensive Abatement Performance (CAP) Study data, data from the 
Rhode Island Department of Health, and data from phone interviews of risk assessors throughout 
the United States. The Rochester study, CAP Study, and Rhode Island Department of Health 
data were not collected specifically for these analyses. Therefore, the quality of the data is 
dependent on the data collection methods employed by original data collectors. In contrast, the 
risk assessor information was collected specifically for these analyses. Below are brief 
descriptions of the data collection methods employed for each source of data to ensure the 
integrity of the data for analysis. 

The data from the Rochester study and the CAP Study have already been subjected to 
quality assurance checks by the respective study coordinators. For each study, the data analyses 
have been presented in peer-reviewed study reports [8, 21, 22] and several refereed journal 
articles [10, 11, 12]. Each data set was available for this analysis as a SAS® data set. The 
accuracy of each data set was verified by calculating summary statistics and comparing the 
results to summary tables in the study reports [8, 22]. Any differences were noted and resolved. 

The Rhode Island Department of Health data were collected by health department 
officials as part of the lead prevention program in Providence, Rhode Island. The data were not 
collected with the intent of being part of a study and thus did not require the same level of quality 
control. Blood and environmental data were received on 3.5" diskettes as ASCII files. The 
ASCII files were converted to SAS® data sets. The blood-lead and environmental-lead data were 
matched by a unique child identifier, and data summaries were calculated. Results of the 
summaries were discussed with a program official. Discrepancies were noted and resolved by 
the program official by checking the original records for accuracy. Upon approval from the 
program official, changes were made to the SAS® data sets to reflect the correct information. 
Several iterations of performing data validation, talking with the program official, and revising 
the SAS® data set produced final versions of the SAS® data sets suitable for statistical analysis. 
A data dictionary was created detailing the information in the final SAS® data sets. 

Cost information from the risk assessors was collected through use of a questionnaire 
executed over the telephone. After the phone interviews were complete, the recorded data were 


double entered into a Microsoft Access® data base (i.e., entered twice into the data base on two 
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separate days). During the data entry, data were verified. After all data were entered twice, both 
sets of data were compared, any discrepancies were resolved, and the final data base was 
converted to SAS® using DBMSCOPY®. Additional data verification was conducted in SAS® by 
running frequencies and summary statistics. The data in SAS® were also compared to the 
hardcopy questionnaires. Through the entire process, any discrepancies were noted and resolved 
immediately. 

For all sets of data, as the statistical analyses were performed, the analysis data were 
periodically verified using frequency counts and summary statistics. All programs used to 
conduct the statistical analysis and to prepare tables and graphs were validated through visual 
inspection. When possible, direct processing from SAS® output to WordPerfect tables or figures 


was employed to reduce any chances of transcription error. 


4.0 DATA SOURCES 


Two types of data were needed for evaluating of the Section 402 regulations. The first 


type centered around pre-intervention child blood-lead data and associated pre-intervention 


environmental-lead data. The second type of data consisted of costs associated with performing 


the activities recommended in the Section 402 regulations. 


Two general sources of environmental-lead and blood-lead data were identified: 1) formal 


lead studies with published results, and 2) state and local health departments that have lead 


programs that collect environmental and blood information for cases of lead poisoning. The lead 


studies that were identified as possible data sources included the 


Comprehensive Abatement Performance (CAP) Study 

Baltimore Repair and Maintenance Study (R&M) 

Three-City Lead Demonstration Projects: the Baltimore Soil-Lead Abatement 
Demonstration Project, the Boston Lead-In-Soil/Lead-Free Kids Demonstration 
Project, and the Cincinnati Soil-Lead Abatement Demonstration Project 
Milwaukee Low-Cost Intervention Study 

HUD Abatement Demonstration 


HUD National Survey 


Rochester Lead-In-Dust Study. 


Health departments across the United States were canvassed for environmental-lead and blood- 


lead data. Seven agencies responded by sending data: 


Pinellas County Health Department, St. Petersburg, Florida 
Nebraska Health and Human Services System, Lincoln, Nebraska 
Vermont Department of Health, Burlington, Vermont 

Ohio Department of Health, Columbus, Ohio | 

Rhode Island Department of Health, Providence, Rhode Island 
Missouri Department of Health, Jefferson City, Missouri 

Bureau for Public Health, Charleston, West Virginia. 


For each source of data, a set of minimum requirements needed to be met for the data to be 


included in the analysis. Appendix F provides the criteria used to evaluate the appropriateness of 


each data source. Of all the data that were available for evaluation, only data from the Rochester 
Lead-In-Dust study and the Rhode Island Department of Health met the criteria. 

It should be noted that limited data were available for the analyses in this report, 
particularly data meeting the criteria set forth in Appendix F. The collection of such data 
through additional environmental studies or local health programs would provide valuable data 
for the evaluation of risk analysis protocols. 

To obtain cost information associated with Section 402 activities, a phone interview of 
risk assessors across the United States was performed. Cost data from nine risk assessment 
_ contractors in nine States were logged for analysis. 

This section provides a description of the data and the process by which the data were 
collected. Section 4.1 describes the Rochester Lead-In-Dust study, including a description of the © 
purpose of the study and the data collected in the study. Section 4.2 discusses the Rhode Island 
data included in the analysis and the difficulties in locating usable data from non-study 
environments. Finally, Section 4.3 provides a brief discussion of the data obtained from the risk 


assessors through the cost interview. 


4.1 ROCHESTER LEAD-IN-DUST STUDY 

The Rochester Lead-In-Dust Study was designed to address several objectives: “to 
determine whether dust-lead loading (yg/ft?) or dust-lead concentration (ug/g) is a better 
predictor of children’s blood lead levels; to investigate whether dust sampling using vacuum 
methods or a wipe method is more predictive of children’s blood lead levels; to identify which 
interior household surface(s) should routinely be sampled for dust lead measurements; and to 
estimate the probability of a child having an elevated blood lead level on the basis of a known 
level of lead in house dust, controlling for other potential exposures [8].” 

Children 12 to 30 months of age who lived in the city of Rochester and had no known 
history of an elevated blood-lead concentration were eligible for the study. In addition to the age 
of the child, the location of a child’s residence, and the blood-lead history of the child, other 
eligibility criteria were applied to control for the possibility of non-residential, non-typical 
sources of lead affecting blood-lead concentrations [1, 3, 8]. Two hundred five children were 
enrolled into the study. To summarize the homes in the study, Table 4-1 shows the distribution 


of the year in which a home was built and the age of the child at blood collection. 
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Table 4-1. Distribution of the Year Homes were Built and Children’s Ages for the Rochester 
Lead-in-Dust Study. 





Percent of Population | 


Year in which home was built 


| Pre-1940 172 


| 1940 - 1969 — 1% 
1970 - 1979 — 
| Post-1979 


: Age of children at time of blood collection 


| 12 - 18 months es ee”: 
18 - 24 months | —__s7 fe 


24 - 30 months 





This table shows that 84% of the homes in the study were built prior to 1940 and that all of the 
children in the study were between 12 months and 30 months of age. 

Collection of questionnaire data, blood-lead samples, and environmental-lead samples 
occurred between August and November 1993. Venous blood samples were obtained by a 
certified pediatric phlebotomist during a home visit using lead-free containers provided by the 
New York State Department of Health Clinical Laboratory Evaluation Program. Three dust 
collection methods were used to sample settled house dust: wipe sampling, dust vacuum method 
(DVM) sampling, and Baltimore repair and maintenance (BRM) vacuum sampling [8]. 

Dust samples were collected from the window well, interior window sill, and floor in the 
child’s bedroom; the window well and floor in the kitchen; the window well, interior window 
sill, and floor in the child’s principal play area; the interior window sill and floor in the living 
room; the interior entryway floor; and the exterior porch floor. Dust samples from carpeted and 
uncarpeted floors were collected over a 1 ft? area. Dust samples from window wells and interior 
window sills were collected over one-third of the available surface area. Soil core samples, taken 
at a depth of % inch, were collected in two distinct areas: the perimeter of the foundation and the 
child’s principal outside play area. There were a significant number of homes for which play 
area soil was not collected. Three core soil samples were taken on each side of the house around 
the perimeter of the foundation where bare soil was present and combined for a composite 


foundation sample (in general there were 12 core samples). The soil samples were separated into 
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fine and coarse samples for laboratory analysis. Two water samples were taken at each home. 
One sample was a first draw after an 8-hour stagnation period. The other was collected after a 1- 
minute flush. Three XRF paint-lead measurements were taken from areas such as the window 
well, sill, and sash; the floor and the door in the kitchen; the child’s bedroom; the principal play 
area; the entryway; the living room; and any deteriorated surface. The three XRF measurements 
on each surface were averaged. Laboratory paint chip analysis (atomic absorption or 
inductively-coupled plasma emission spectroscopy) was used only when XRF could not be used 
due to an inaccessible surface, an ornate or severely curved surface, or when the painted surface 
was too small to measure. XRF readings were not substrate corrected or confirmed by laboratory 
analysis for this study [8]. Only XRF paint-lead measurements were discussed in this report. A 
visual inspection of each surface was also performed, and the paint condition was rated as poor, 
fair, or good. 

For the analysis, soil-lead concentrations were estimated by calculating an arithmetic 


average of lead concentrations in fine and coarse soil fractions. 


4.2 HEALTH DEPARTMENT DATA SOURCES 

Additional sources of data were sought to complement and contrast with the information 
found in the environmental lead studies. To find these additional sources, staff at the CDC 
provided a list of 40 health departments in the United States currently participating in its 
Childhood Lead Poisoning Prevention Grant Program. A brief questionnaire was developed to 
collect information from these departments on the population size of the data base, agencies 
funding the program, the availability of the data, the age of children in the program, whether 
blood or environmental (soil, dust, paint, and water) samples were obtained, and the format of 
the data. 

Following this first survey, a list of 24 health departments with potentially useful data 
was developed. A more detailed questionnaire, “Data Set Assessment,” was developed 
requesting information from these departments about the data. A copy of this second 
questionnaire is included as Example K-1 in Appendix K. Included in this second questionnaire 
were questions concerning the format of the data, specific information about blood sampling of 


children, specific information about environmental sampling, and whether a unique identifier 
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was available to link the environmental data and the blood data. A second telephone interview 
was conducted. 

As a follow-up to the phone call, a letter was sent to the 24 health departments requesting 
their participation in the data collection effort for the Environmental Protection Agency (EPA) 
and explaining how the data would be used in this study. (A copy of the letter and information © 
sent to each agency is provided as Example K-2 of Appendix K). Follow-up calls were made 
three weeks later. As a result of this effort, data were obtained from health department agencies 
in Columbus, Ohio; Providence, Rhode Island; Omaha, Nebraska; St. Petersburg, Florida; 
Burlington, Vermont; Charleston, West Virginia; and Jefferson City, Missouri. These data were 
entered into SAS® data sets and evaluated as to their applicability according to the criteria listed 
in Appendix F. Table K-1 of Appendix K provides a summary of the data collected from each 
health department. The last column in the table gives a brief description of the advantages and 
disadvantages of using the data sources. Only the data provided by the Rhode Island Department 


of Health met the necessaly ee for analysis. 


Rhode Island Department of Health Data | 
As part of its ongoing lead program, The Rhode Island Department of Health has logged 


the occurrences of elevated blood-leads. When necessary, the health department requested that 
environmental sampling occur and has logged that information. Though the Rhode Island 
Department of Health has been collecting blood and environmental information for several years, 
only data collected in 1995 and 1996 was used in this analysis to ensure that the data could be 
reviewed and corrected, as necessary, in time to be included. 

As shown in Table K-1 of Appendix K, blood, dust, soil, paint, and water samples were > 
collected and recorded. Two hundred eighty-five children aged 6 months to 9 years and 4 
months had blood samples available for analysis, and between 129 and 325 homes had the 
appropriate environmental samples needed for the analysis. Table 4-2 provides the distribution. 
of children’s ages. Eighty-five percent of the children were between 6 months and 48 months at 
the time of blood sampling. The location of the blood sampling was not available. There were a 
number of homes in which multiple blood samples were logged for one or more children. For 
homes in which multiple children were sampled, only the youngest child in the home was 


included in the analysis. Generally, a fingerstick blood sample was obtained for comparison 
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against the action level of 25 g/dL. (Note, at the time the data were obtained for the analysis, 
the action level for blood lead was moving toward .20 pg/dL, but 25 pg/dL was the standard for 
comparison at the time of sampling.) If the fingerstick blood-lead concentration was greater than 
25 ug/dL, then generally a venous sample was obtained for confirmation, generating a second 
blood sample for the child. When available, a venous blood sample result was used in the 


analysis; otherwise, the fingerstick blood sample result was included. 


Table 4-2. Distribution of Children’s Ages in the Rhode Island Department of Health Data. 


Age fcr te me of Hood coleson __-|_N_{_ percent of Popeion 
a al 
a oo 
a ee 
oe 
SE 
























72 - 112 months a | 


Environmental samples were collected by a contractor for the Health Department to 





locate the lead problems in the child’s environment. Dust wipe and vacuum samples were taken 
in 129 homes from a 1 fi? area on carpeted and uncarpeted floors, window wells, and window 
sills in the bedroom, dining room, hallway, kitchen, living room, and play room. Of the 129 — 
homes, 109 homes had dust wipe samples taken. Seven hundred and sixty-six soil samples were 
taken from 264 homes from the top 2 cm of soil from the side of the home at the foundation. 
Paint chips of at least 2 in? in size were collected from the interior and exterior of the home 
including doors, trim, baseboards, ceilings, casings, walls, jambs, sills, wells, and furniture for 
265 homes. The condition of the painted surface was not reported. 

When the data were subset to include all the information needed for the Objectives 1 and 
3 analyses, it was found that only 73 homes could be included in the analysis, with these homes 
having only between 1 and 10 samples per home. Note that 95% of the homes had a total of 5 or 


fewer dust samples collected. 
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Caution should be exercised when viewing the results obtained from the Rhode Island — 
Department of Health data. These data were not collected under a controlled setting as were the 
Rochester study data. In the Rhode Island data, an elevated blood-lead concentration motivates 
the collection of environmental samples, not a statistical study design. As a result, the Rhode 
Island data generally represent children with blood-lead concentrations ranging from 1 pg/dL to 
104 pg/dL with 90% of the children having blood-lead concentrations of 20 g/dL or greater. — 
This is a different population from the one assessed using the Rochester study data, where the 
blood-lead concentrations ranged from 1.4 pg/dL to 31.7 pg/dL, with only 3% of children having 
blood-lead concentrations of 20 g/dL or more. In addition, background information such as 
type of housing, length of time at the residence, pica habits, etc. are not available. One 
advantage to the Rhode Island dataset is that it does reflect the environmental sampling choices a 
risk assessor makes, as opposed to the designed sampling scheme found in the Rochester study 
data. 

As illustrated with the lead study and health department data, obtaining enough data from 
secondary sources to meet the requirements for analysis is difficult. Because of the varying 
study designs in the lead studies and the lack of a standard format used among the health 


departments, only the Rochester study and Rhode Island data met the necessary requirements. 


4.3. RISK ASSESSOR COST INFORMATION 

Data on risk assessment and lead hazard screen costs were collected by interviewing 
certified risk assessors in the United States. To identify certified risk assessors, the Governor’s 
Legislative Conference supplied a list of states throughout the country with certification 
programs in lead risk assessment. From this list, several States were contacted to obtain lists of 
individuals who had been through the certification process and were actively involved in 
conducting lead risk assessments. A questionnaire was developed to be used in a telephone 
interview to obtain cost information for lead risk assessment, hazard screen, inspection, and risk 
assessment/inspection. This cost questionnaire was pilot tested in a telephone interview of six 
risk assessment contractors in Columbus, Ohio. The data were compiled from the pilot, and 
modifications to the questionnaire were made based upon the initial interviews. The final cost 
questionnaire was administered by telephone to nine contractors in different parts of the United 


States: the northeast, south, and west. Note that the contractors were not randomly selected. 
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The interviewer began at the top of the calling list and proceeded down until a successful 
interview was obtained. Eleven contractors were contacted, and no contractor refused to be 
interviewed. The two contractors that did not provide information were willing to participate, 
but were too busy at the time of the call to provide information. 

The interviewer asked about the costs associated with four activities that a risk assessor 
can perform: a risk assessment, lead hazard screen, inspection, and risk assessment/inspection. 
Within each of these activities, the respondent was asked whether a basic fee was charged for the 
activity or whether separate fees were charged for specific components of the activity. For 
instance, within a risk assessment, separate fees could be charged for the visual assessment, the — 
environmental sampling, or the risk assessment report. In addition, detailed questions on the 
particulars of the environmental sampling were asked. The questions included: 


~@ What are the collection costs, analysis costs, and total costs per dust, soil, and paint 
samples? : 


@ How many of these samples are typically collected? 


All this information was recorded on a questionnaire. Appendix C contains a copy of the actual 
questionnaire used in the telephone interview and provides a summary of each of the responses. 
As seen in Appendix C, not all the questions were answered by the contractors. About one year 
after the initial phone call, in April 1998, a follow-up phone call was made to each contractor to’ 


obtain updated information. 
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5.0 STATISTICAL METHODS 
The methods used in the data analysis and preparation of the data are discussed in this 
section. To characterize the probability of a certified risk assessor correctly identifying a lead- 


based paint hazard, three statistical objectives were defined. They are 


1. Characterize how different sampling protocols affect a) the probability of correctly 
identifying a health hazard (defined for purposes of this analysis as the presence of a 
child with a blood-lead concentration greater than or equal to 10 pg/dL) in single 


family housing (performance characteristic analysis) and b) the cost of the 


assessment (cost analysis). Also characterize differences between the 403 Interim 
Guidance and the 403 Proposed Rule in the probability of correctly identifying a 
health hazard in single family housing (performance characteristic analysis). 


2. Characterize for a risk assessment and lead hazard screen a) how well different 
estimators and sampling protocols estimate the true average lead levels in a single 
family home and b) the error probabilities associated with concluding that a home is 
above or below a given media standard for different estimators and saMaphne 


protocols (error probabilities analysis). 


3. Assess which sampling locations a risk a assessor may want to target in order to best 
evaluate the potential lead hazard to a child (pathways analysis). | 


The methods used to address the first statistical analysis objective included the 
calculation of four measurements (performance characteristics): sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV). These measurements were used to 
characterize the performance of a lead hazard screen and several specific risk assessment 
protocols in terms of how well each protocol was able to identify a home with a child with a 
blood-lead concentration greater than or equal to 10 pg/dL. Confidence intervals about the 
individual performance characteristics were calculated. The cost estimates obtained via 
telephone interview from risk assessors across the country were summarized and used to 
calculate estimated costs for each of the risk assessment protocols and the lead hazard screen for 
which performance characteristics were calculated. | 

The second statistical analysis objective used acaba estimates and distributional 


assumptions to estimate error probabilities aoeiats with concluding that the true average lead 
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level in a home is above or below a standard. Correlation and pathways analyses were used to 
evaluate the third statistical objective. | | 

Section 5.1 discusses the Objective 1 analysis of cost information obtained from risk 
assessors around the country and the Objective 1 and 2 performance characteristics. The 
Objective 2 error probability calculations are detailed in Section 5.2, and Section 5.3 provides 
details on the Objective 3 correlation and pathways analyses. 

Note, at the time of this report, Section 402 did not dictate one set of methods for 
carrying out activities outlined under Section 402, but listed documents that have appropriate 
methods. Two documents contained the prevalent method: the HUD Guidelines and the 403 
Inter1m Guidance. These documents listed nearly the same methods with only a few differences. 
In addition, in June 1998, EPA issued its 403 Proposed Rule, which differs on several points 
from the 403 Interim Guidance. Both sets of differences: as well as the list of documents, are 
discussed in Section 1. | 

Throughout the analyses described in this report, the Interim Guidance and the Proposed 
Rule standards listed in Table 1-1 will be used for comparisons. One exception to the 
comparisons using the both the Interim Guidance and Proposed Rule standards is related to the 
use of samples from carpeted floors. Carpeted floor samples were included in eapalcaien of 
the Interim Guidance and Proposed Rule to assess sampling that may be conducted under the 
HUD Guidelines. The Section 403 Interim Guidance was recommended as a Section 402 
guidance document at the time these analyses were conducted. When the Section 403 Proposed 
Rule becomes final, the guidance in the Proposed Rule will supersede the Interim Guidance as it 


applies to Section 402. 


5.1 OBJECTIVE 1: PROBABILITY OF CORRECTLY IDENTIFYING A LEAD-BASED PAINT 
HEALTH HAZARD IN SINGLE FAMILY HOUSING AND THE COSTS ASSOCIATED 
WITH THE RISK ASSESSMENT 


5.1.1 Risk Assessor Cost Information 








Bar charts, pie charts, and tables are used to present, in Section 6, the summary statistics 
calculated for the risk assessor cost information. Appendix C contains a copy of the 
questionnaire used to gather the cost information; details of how the risk assessor interviews 


were conducted are discussed in Section 4.3. As discussed in Section 4.3, nine contractors in 
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nine States were contacted and interviewed in May 1997. The sample of contractors was not a 
statistically representative sample. The information obtained from these contractors, though, did 
provide an indication of the costs that are associated with the activities of a risk assessor. Due to 
the voluntary nature of the interviews, some respondents did not answer all the questions posed. 
F ollow-up calls were made in April 1998 to fill in the information gaps. The follow-up calls 
yielded some additional information, but not enough to warrant producing summaries for the 
follow-up calls only. Therefore, all the summaries presented are for the May 1997 calls, with 
additional discussion of the information gathered from the April 1998 interviews provided where 
appropriate. 

To summarize the data, several questions in the questionnaire were combined. Below is a 
discussion of how the answers for several questions were combined to estimate costs per 
environmental sample, number of environmental samples collected, and costs for risk _ 
assessments and lead hazard screens, as well as a discussion of the naming scheme used to 


provide confidentiality for the contractors. 


5.1.1.1 Naming Convention for the Contractors 
Nine contractors from across the country provided risk assessor cost information. To 


preserve confidentiality, the contractors were categorized into three regions of the country; and, 
within each category, randomly assigned an ID number. The three regions were the northeast 
(NE), south (S), and west (W). Four contractors were in the northeast region, three contractors in 
the south region, and two contractors in the west region. Within each region, the IDs were 
assigned as NE-1, NE-2, NE-3, and NE-4 for the northeast, S-1, S-2, and S-3 for the south, and 
W-1 and W-2 for the west. | 


5.1.1.2 Risk Assessment, Lead Hazard Screen, Inspection, and Risk | 
Assessment/inspection Costs | 


Contractors allocated costs for an activity in two ways: 


a) A basic fee for the whole activity 
b) Separate fees for each component of the activity. 


When a basic fee was charged for the activity, the contractor generally fixed a maximum number 


of samples that could be collected for the fee. If additional environmental sampling was 
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required, the contractor charged additional fees. Some contractors opted to charge separate fees 
for each component of the activity performed: a visual assessment, typical environmental 
sampling, and a report. The contractor set a fee for the visual assessment, environmental 
sampling, and report and fixed the maximum number of samples to be collected during the 
environmental sampling. Similar to the basic fee structure, if additional environmental samples 
above those covered in the typical environmental sampling were needed, additional fees were 
charged on a per sample basis. The basic fee structure and separate fee structure were both used 
to estimate the costs of the risk assessments and lead hazard screens evaluated during the 


performance characteristic analysis. 


5.1.1.3. Costs Per Environmental Sample 
The average total cost per sample was calculated based on the information in questions 


B8, B9, B13, and B15 for a risk assessment, C8, C9, C13, and C15 for a lead hazard screen, D8, 
D9, D13, and D15 for an inspection, and E9, E10, E14, and E16 for a risk assessment/inspection 
(see Appendix C). The collection and analysis costs per sample were reported, and the total cost 
per sample was the sum of these two responses. If either response was not available, then the 
total cost was either the collection cost or the analysis cost, whichever was reported. Note that 
some contractors reported the range of costs for the collection or analysis costs, rather than a 
specific cost. In cases such as this, the lowest cost in the range was assigned to a minimum cost 
variable, the highest cost in the range was assigned to a maximum cost variable, and the 
midpoint of the reported cost range was recorded in the average cost variable. When only an 
average cost was reported, the minimum, average, and maximum variables were set equal to the 
reported average cost. To calculate the minimum, mean, and maximum collection, analysis, and 
total costs per sample, the minimum of the minimum cost variable was equal to the minimum 
cost, the mean of the average cost variable was equal to the average cost, and the maximum of 
the maximum cost variable was equal to the maximum cost. This allowed all reported 


information to be used. 


5.1.1.4 Number of Environmental Samples Collected 
The responses to questions B6, B9, B13, C6, C9, C13, D6, D9, D13, E7, E10, E14 were 


used to estimate the average number of environmental samples collected for a risk assessment, 


lead hazard screen, inspection, and risk assessment/inspection, respectively. When ranges were 
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reported for the number of samples collected, the same strategy as discussed for the cost per 


_ sample was employed. 


5.1.2 Performance Characteristics 

Four measurements (performance characteristics) (sensitivity, specificity, PPV, and NPV) 
were used to characterize the performance of the risk assessment protocols and to assess how 
well each protocol identified a lead-based paint health hazard. Each of the performance 


characteristics is defined in Table 5-1 below. 


Table 5-1. Definitions of Performance Characteristics 












Media Standard 


Below (<) Media Above (>) Media 
<1 * — Standard Standard 
<towie | ee | 


In the above table, the letter ‘a’ represents the number of children that have a blood-lead 
concentration above a given target and the media lead level (soil-lead concentration, etc.) below 
the selected standard. Letters ‘b,’ ‘c,’ and ‘d’ represent similar counts. From these counts the 
following performance characteristics are calculated: | 


Performance , | 
Characteristic Definition | Calculation 
| | Probability that lead-based paint hazards are 
Sensitivity found in the home given that there is a Bao 
(or True Positive Rate) | resident child with an elevated blood-lead | | 
concentration. , 7 

Probability that no lead-based paint hazards are | 

c/(c +d) | 


found in the home given that a resident child 
has a low blood-lead concentration. 
b/(b +d) | 









Target 
Blood Lead 
Concentration 







































Specificity 
(or True Negative 
| Rate) 















Probability of a resident child having an 
elevated blood-lead concentration given that 
| lead-based paint hazards are found in the 
home. | 


Positive Predictive 
Value (PPV) 












Probability of a resident child having a low 
blood-lead concentration given that no lead- 
based paint hazards are found in the home. 






Negative Predictive 
Value (NPV) 
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5.1.2.1 Performance Characteristic Calculations 

Ideally all four performance characteristics would equal 100%. Figure 5-1 presents an © 
example of this ideal situation in which a foundation soil standard of 400 ppm is used to 
calculate the measures. In reality, achieving 100% for all four performance characteristics is 
generally not possible; Figure 5-2 illustrates an example when 100% is not achieved for positive 
predictive value and specificity. Because 100% cannot always be achieved for the performance | 
characteristics, the different risk assessment/lead hazard screen sampling protocols were 
evaluated based primarily on sensitivity and NPV measures. The sensitivity focuses on the 
probability of finding lead-based paint hazards when the child is known to have an elevated 
blood-lead concentration, while the NPV focuses on the probability of a child having a low 


blood-lead concentration when no lead-based paint hazards have been found. 


Blood—Lead Concentration (ug/dL) 





800 1,200 - 1,600 
Dripline Soil—Lead Concentration (ug/g) 


Figure 5-1. Example of an Ideal Situation When 100% is naueves For All 
Four Performance Smege tore tee: 
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Blood—Lead Concentration (ug/dL) 





800 1,200 1,600 2,000 2,400 
Dripline Soil—Lead Concentration (ug/g) 


Figure 5-2. Example of a Situation Where the Negative Predictive Value and - 
Ps Sensitivity Equal 100%, but the Positive Predictive Value and 
Specificity are Less than 100%. 
In addition to calculating the performance characteristic point estimates, confidence _ 
intervals about the different performance characteristics were calculated using an F-distribution 


approximation to a binomial proportion [2]. Using the variables defined in Table 5-1, the 


confidence limits were calculated as follows: 


_B8 


Lower Confidence Limit: P;(n, B) = ———————_———_____ 
B+ (n-B+1) Xho 2(n-B+1),2B 


Upper Confidence Limit: Pon, B) =] - Pp; (n,n - B) 


where 
B the numerator of ihe peHonnance measure calculation (i.e., b for sensitivity and 
PPV and c for specificity and NPV) 
n the denominator of the performance measure calculation (i.e., a+b for 
sensitivity, c+d for specificity, b+d for PPV, and a+c for NPV) 
fy,ni,n2 the upper yth percentile for the F distribution with n, numerator degrees of 


freedom and n, denominator degrees of freedom. 
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For example, in the case of sensitivity, B is the number of homes that have a child with an 
elevated blood-lead concentration and have environmental media samples that are above the 
given environmental media standards, while n is the number of homes that have a child with an 
elevated blood-lead concentration. Note, no adjustment was made to the confidence intervals for 
the joint assessment of multiple confidence intervals. 

For this analysis, identification of a lead-based paint hazard (i.e., failure or passage of a 
unit through a risk assessment or lead hazard screen) and evaluation of the performance 
characteristics defined above were based on the evaluation of floor dust, window sill dust, 


window well dust, soil, and paint simultaneously. 


5.1.2.2 Data Used in the Analysis 

As described in Appendix D, there are several options available to a risk assessor when 
collecting dust-lead loading samples. The purpose of this analysis was to assess the impact these 
choices may have on the outcome of a risk assessment or lead hazard screen. Several data 
sources were examined as to the applicability of assessing any one of these choices (see 
Section 4.0). The data sources were required to have collected dust wipe samples, since the 
Interim Guidance and Proposed Rule dust standards are for dust wipe samples only. Only the 
Rochester Lead-In-Dust Study data provided dust wipe sampling and enough additional 
information (such as room location of the dust samples, individual dust samples from several 
locations within a home, and condition of painted surfaces) to be included in this analysis. 
Specifics of the Rochester study data are provided in Section 4.1. 

In this analysis, the proposed 403 Rule is used, paint standard is greater than 10% 
deteriorated lead-based paint, and no differentiation is made between interior and exterior painted 
components. In the Rochester study data, the condition of the paint was reported as good (from 
0% to less than 5% deteriorated paint), fair (5% to 15% deteriorated paint on the surface), and 
poor (greater than 15% deteriorated paint on the surface). To best assess the effect of the 
assumed paint standard, two sets of analyses were run, where exclusively poor and fair 
conditioned surfaces are sampled (25% deteriorated paint on the surface) and where poor 


conditioned surfaces are sampled (>15% deteriorated paint on the surface). 
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The Proposed Rule does not present a standard for carpeted floors. In this analysis, 
average carpeted and average uncarpeted floor dust lead loadings are compared separately to the 
standard presented for uncarpeted floors. 

In addition, the soil standard in the Proposed Rule is compared to a yard-wide average 
soil-lead concentration where the yard-wide average is calculated as the average of the dripline 
and mid-yard soil-lead. The Rochester study data represented foundation and play area soil. 
Therefore, for this analysis, the yard-wide average will be calculated as the average of the play _ 


area and foundation soil-lead concentration. 


5.1.2.3 Protocols Evaluated 
Because of the data limitations, not all choices available to a risk assessor could be 
examined. The following are the choices that were evaluated using the Rochester data: 
1. Assessment of the number of rooms and types of rooms sampled for dust (shown in 


Table 5-2). This assessment addresses the benefits of reducing variability versus 
sampling rooms that may contribute little to a child’s lead exposure. 


2. Assessment of the effects of using the arithmetic mean dust wipe, a geometric mean 
dust wipe, and the maximum dust wipe (shown in Table 5-3). 


3. Assessment of the setedoraied paint condition levels in the HUD Guidelines versus 
- other options for deteriorated paint condition levels. ) 


4. Assessment of the choice of conducting a lead hazard screen versus conducting a 
full risk assessment (shown in Table 5-4). (Since a lead hazard screen requires the 
use of composite samples, simulated composite samples were used when only 
single sample data were available.) 


These options were evaluated for each medium individually and for all media standards (i.e., 
dust, soil, and paint) simultaneously. 7 | | 

Note that Section 402 recommends, for a lead hazard screen, comparing composite floor 
dust, window dust samples, and samples from deteriorated painted surfaces to their respective 
standards. Section 402 does not make a distinction among the types of floors or window 
components that should be sampled. The 1995 HUD Guidelines present a method for the lead 
hazard screen that collects floor samples from both uncarpeted floors and carpeted floors, 


composites them separately into an uncarpeted floor sample and a carpeted floor sample, and 
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then compares them to their own standards. In addition, the HUD Guidelines recommend 
sampling the window well for the lead hazard screen, not the window sills. The Section 403 
Interim Guidelines and Proposed Rule do not provide a method for sampling from a specific 
component. For windows, the HUD Guidelines and the Interim Guidance provide hazard 
standards for both the window well and window sill, while the Proposed rule only provides a 
standard for window wells. In the HUD Guidelines, standards for both carpeted and uncarpeted 
floors are given, while the Interim Guidance and Proposed Rule only provide a floor standard for 
uncarpeted floors. The different interpretations and standards allow several scenarios under _ 
which the lead hazard screen could be performed. 

The protocols to be assessed using the Rochester study data are listed in Tables 5-2, 5-3, 
and 5-4. Composite samples were not collected in the Rochester study, so to perform the 
assessment in 4, above, the arithmetic mean of the uncarpeted and carpeted floor dust samples, © 
window sill dust sansples. window well dust samples, and paint samples were used as surrogate 
composite samples to compare to the lead hazard screen standards, depending on the scenario 
chosen. A composite sample i 1S different from a single- surface sample in that samples are 
collected from common components in different rooms and analyzed as one sample. As a result, 
there may be potential differences in lead recovery rates for composite samples compared to 
surrogate compen samples. The Proposed Rule also recommends that dripline and mid-yard 
soil be sampled. The Rochester study data only distinguished between dripline and play area, not 
dripline and mid-yard. Therefore, for this analysis, the play area soil was used as a surrogate for 
the mid-yard soil. | _ | 

Concurrent analyses were conducted for each sampling protocol and set of standards 
(Interim Guidance and Proposed Rule) to compare the results of the assessments when different 
standards for comparison are put into practice. 

_ Though the performance characteristics and the risk assessor cost estimates for each 
protocol within a standard of comparison were the focus of this analysis, additional statistics 
were calculated to provide further characterization of the protocols. Table 5-5 lists the statistics 


included in the analysis and provides a brief explanation of how the statistics were calculated. 
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Table 5-2. Sampling Protocol Group A: Assessing the Impact of Dust Sampling from 
Specific Rooms wees in a Risk Assessment. 


| Sampling Room Location of Single Wipe Samples 
Protocol Group Window Sill Window Well 
A Dust Dust 
A-1 
4 rooms 


> 15% or 25% of 
the painted surface 
is deteriorated 


| Dripline & 


Bedroom, Play Area, Entryway, Kitchen Play Area 


>15% or >5% of 

the painted surface 
is deteriorated 

>15% or >5% of 

the painted surface 
is deteriorated 


A-2 
3 rooms 


Dripline & 


Bedroom, Play Area, Entryway Play Area 


A-3 
2 rooms 


Dripline & 


Bedroom, Play Area Play Area 





Definitions of the condition of the paint: 

Poor: More than 15% of the paint film is peeling, chalking, flaking, blistering, or otherwise separate from the substrate. 

Fair: The paint film is largely intact, but is cracked, worn, or chipped (approximately 5% — 15% deteriorated). 

Good: The paint film appears intact and does not chalk, flake, or peel. Less than 5% of the surface is deteriorated or 
defective. 


Table 5-3. Sampling Protocol Group B: Assessing the Impact of Using Different Summary 
Measures to Characterize Dust Samples for a Risk Assessment. 


Summary Measure of All Available Samples (Wipe) 
taken in the 
Bedroom, Play Area, Entryway, Kitchen 


i Sampling Window Sill Window Well 
Protocol Group B Dust Dust 


aa Geometric Mean Dripline & 


> 15% or 25% of 
the painted surface 
is deteriorated 


> 15% or 25% of | 
the painted surface 
is deteriorated 


> 15% or 25% of 
the painted surface 
is deteriorated 


| Geometric Mean Play Area 


B-2 : . Dripline & 
| Arithmetic Mean | pete eas | Play Area 


=< Maximum Value PUpUne: 
Maximum Value | 7 | Play Area 





Definitions of the condition of the paint: 

Poor: More than 15% of the paint film is peeling, chalking, flaking, blistering, or otherwise separate from the substrate. 

Fair: The paint film is largely intact, but is cracked, worn, or chipped (approximately 5% — 15% deteriorated). 

Good: The paint film appears intact and does not chalk, flake, or peel. Less than 5% of the surface is deteriorated or 
defective. 


36 


Table 5-4. Sampling Protocol Group C: Assessing the Outcome of a Lead Hazard Screen 
Versus a Risk Assessment. 


| 

Sampling 

C | | Dust _ Dust 

C-1 | 
Full Risk 

Assessment — 

individual 
samples 


Bedroom, Play Bedroom, Play Bedroom, Play > 15% or 25% 
Area, Area, | Area, Dripline and of the painted 
Entryway, Entryway, Entryway, Play Area surface is 
Kitchen Kitchen Kitchen deteriorated 


Bedroom, Play Bedroom, Play | Bedroom, Play >15% or 25% 
Area, Area, Area, of the painted 
Entryway, Entryway, Entryway, surface is 


C2 
Lead Hazard 


Screen Kitchen Kitchen Kitchen _ deteriorated 





Definitions of the condition of the paint: 

Poor: More than 15% of the paint film is peeling, chalking, flaking, blistering, or otherwise separate from the substrate. 

Fair: The paint film is largely intact, but is cracked, worn, or chipped (approximately 5% — 15% deteriorated). 

Good: The paint film appears intact and does not chalk, flake, or peel. Less than 5% of the surface is deteriorated or 
defective. 


Table 5-5. Summary of the Statistics Calculated to Characterize the Protocols. 


Statistic to Characterize the Protocol Description of the Calculation 


, ; Homes were included in the analysis if the dust samples 
Number of Homes Included in the Analysis aes ‘ \ — 2 P 
necessary for the analysis were available. 


Given the media being evaluated in the protocol, this is 
the percent of homes that have at least one media 
sample that does not pass its associated standard. 





% of Homes in which Lead-Based Paint Hazards 
were Found 


For all homes, this is the percent of children in the 
% of Blood Samples 210 yg/dL homes that had a blood-lead concentration greater than 
or equal to 10 wg/dL. 













| For each medium individually, this is the percent of 
homes that have at least one sample that does not pass 
the media standard. 









1 % of Homes in Which Lead-Based Paint Hazards 
Were Found Based on One Medium Assessed 
Individually (2 media standard) 





The performance characteristics and confidence bounds 
are calculated as discussed above. | 
LCB is defined as lower 95% confidence bound and UCB 

is defined as upper 95% confidence bound. 





Sensitivity (LCB, UCB) 
Specificity (_CB, UCB) | 

Positive Predictive Value (LCB, UCB) 
Negative Predictive Value (LCB, UCB) 












| Estimated cost of the risk assessment or lead hazard 
screen performed under the protocol when a basic fee is 
charged for the activity. (See Section 5.1.1.2.) 


| Basic Fee 






Estimated cost of a risk 
assessment or lead hazard 
screen 









Estimated cost of a risk assessment or lead hazard | 
screen performed under the protocol when separate fees |j 
are charge for the activity. (See Section 5.1.1.2.) 





Separate Fee 
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9.2 OBJECTIVE 2: ABILITY OF ESTIMATORS AND SAMPLING PROTOCOLS TO 
DETERMINE TRUE AVERAGE LEAD LEVELS 


The statistical analysis for this objective used variability estimates calculated from 
environmental samples in the Rochester study, CAP Study, and Rhode Island Department of 
Health data, along with distributional assumptions to estimate error probabilities associated with 
concluding that the unobservable, “true” average lead level in a home was above or below the 
standard. The unobservable, “true” floor, window sill, and window well dust lead loading and 
soil lead concentration within a home were assumed to be characterized by an average log lead 
loading. The precision and accuracy of the characterization of this unobservable, “true” mean 
log lead level depends on the type of statistic used to report the lead level found in the home. For 
instance, using the geometric mean floor dust-lead loading to compare to the Interim Guidance 
standard may better reflect the unobservable, “true” dust-lead level in the home than the 


maximum floor dust-lead loading value. The analysis under this objective did the following: 


1. Compared the ability of the maximum value, geometric mean, and arithmetic mean 
to characterize floor dust, window sill dust, and window well dust ae loadings 
and soil lead concentration. 


2. Characterized a) the probability of no lead-based alas hazards being found in the 
home when the unobservable, “true” media lead level at the home is assumed to be 
above the media standard (Type II error or false negative) and b) the probability of 
finding lead-based paint hazards in the home when the unobservable, “true” media 
lead level at the home is assumed to be at or below the media standard (Type I 
error or false positive). 


3. Compared the effect of different standards (i.e., Interim Guidance and Proposed 
Rule standards) on the error probabilities. 


An assessment of the paint lead error probabilities will not be made in this report. Paint 
hazards are characterized on a component-by-component basis. This is different from soil and 
dust where the samples collected are assumed to represent the “average” house level. Because of 
this difference, calculation and interpretation of the paint error probabilities are more complex 


and not included in the results presented. 


5.2.1 Key Analysis Assumptions 


Two key assumptions were made prior to the analysis. 
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1. For the dust-lead and soil-lead samples, the log-transformed data followed a 
normal distribution with some mean and unknown variance. This assumption is 
_ based on previous studies that have shown that dust-lead loadings and soil-lead 
concentrations are often well-described by a lognormal distribution [18]. 


2. Noone room in a home was more indicative of a child’s dust lead exposure than 
any other room in the home. This assumption was made to allow the impact of any 
one room on the dust-lead hazard to a child to be assessed without introducing any 

constraints. Given this assumption, the uncertainty associated with measured _ 
~ environmental lead levels within a home are assumed to be due to room-to-room 
sampling variation, within-room sampling variation, and measurement error in 
collecting the samples. Similar assumptions were made with respect to soil 
samples — dripline soil samples taken on more than one side of a house were 
considered equally indicative of a child’s exposure to soil lead at that house. 
Note that floor dust, window sill dust, window well dust, dripline soil, and play area soil 


were all analyzed separately in this analysis. 


5.2.2 Error Probability Calculations 
To compare the effectiveness of the three estimators (maximum value, arithmetic mean, 
and geometric mean) in providing an accurate assessment of the assumed “true” house lead 


levels, a hypothesis test was constructed: © 


Hy: i<j 
AY B28; 


where 


u; is the unobservable, “true” average lead level within a home for each 
medium/component 1, 


is the standard for medium/component 1, - 


‘i represents the medium/component (floor dust, window sill dust, window well 
dust, and soil), | = 


j represents the type of estimator (geometric mean, arithmetic mean, and 
maximum value). | | | 


Under the null hypothesis, H,, the unobservable, “true” house lead level for medium/component 1 


is assumed to be below the medium/component standard, while under the alternative hypothesis, 
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H,, the home’s unobservable, “true” lead level for medium/component i is assumed to be above 
or equal to the medium/component standard. Of interest are the probabilities of correct and 
incorrect decisions based on the estimated medium/component lead level at the home. These 
probabilities are based on the Type I (false positive) and Type II (false negative) error 
probabilities. 


P (Type I or false positive error) = P(reject H, | H, is true) 
| a P(Y; 2S; | H; <S;) 


P (Type II or false negative error) = P(do not reject H, | H, is true) 
P(Y;; <S;| H; 2 S;) 


where Yi is the estimated average lead level in the home for component/medium i and 
| statistic 7 and the remaining terms are as defined above. 
Note that the probabilities depend on the assumed, “true” lead level at the house (p1;). To 
calculate these probabilities, the following information is needed: 


1. The sampling distribution of the three estimators (maximum value, arithmetic mean, 
geometric mean) of p 


2. Estimates for the within-house variation (0) for each medium/component 


3. | Anassumption about the unobservable, “true” lead levels in the house. | 


Appendix L provides descriptions of the sampling distributions of the estimators (maximum 
value, arithmetic mean, geometric mean) of p. The within-house variation calculations, o, are 
discussed below. To calculate the Type I error probabilities, the unobservable, “true” average 
lead levels in the home are assumed to be less than the media/component standard. To calculate - 
the Type II error probabilities the unobservable, “true” average lead levels are assumed to be 
greater than or equal to the medium/component standard. | | 
The error probabilities are calculated for a risk assessment, “simple” lead hazard screen, 
and a “compound” lead hazard screen. “Simple” and “compound” lead hazard screens are | 
defined below. To summarize the error probability calculations, graphs and tables are provided 
comparing the error probabilities associated with each estimator for various assumed “‘true” lead 


levels in the home for each medium/component. 


40 


5.2.3 Within-House Variation Calculations 
Given the above key assumptions and using a general mixed effects model, the observed 


log-transformed lead level for a medium/component was modeled as 


log (Y)=pt+rte, 
where 


Y is the observed dust-lead or soil-lead level and is assumed to follow a normal 
distribution with mean p and variance 0? = 07, + 07, 


u_is the unobservable, true average (log) dust-lead or soil-lead level within a home 
r is the room-to-room (location-to-location, in the case of soil-lead) random effect 


€ is the combined within-room (within-location, in the case of soil-lead) random effect 
and random measurement error. 


The room-to-room random effect, r, is arandom variable and is assumed to follow a 
normal distribution with mean zero and unknown variance o?. (room-to-room variation). The 
combination of the within-room random effect and random error (measurement error), €, is also a 
random variable and assumed to follow a normal distribution with mean zero and unknown . 
variance 62, (within-room and measurement variation). The observed log lead level, log(Y), is 
then assumed to follow a normal distribution with mean p and variance 0? = 07, + 0?., where 0? is 
the within-house variation. Note that this implies that the untransformed response, Y, has a 


lognormal distribution. 


5.2.4 Data Used to Characterize Within-House Variation 

- Three sets of data were used to calculate within-house variation in floor dust-lead 
loadings, window sill dust-lead loadings, window well dust-lead loadings, and soil-lead 
concentrations: the Rochester Lead-In-Dust Study data, the CAP Study data, and the Rhode 
Island Department of Health data. Table 5-6 describes these data. As described in Section 4.1, 
in the Rochester study dust wipe samples were collected from floors, window sills, and window 
wells; and soil samples were collected from the foundation of the homes and play areas in the 


yard of the home. For the Rhode Island Department of Health data described in Section 4.2, dust 
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wipe samples were collected from carpeted and uncarpeted floors, window wells, and window 
sills in the bedroom, dining room, hallway, kitchen, living room, and play area; and soil samples 
were collected from the foundation of the home. No distinction between carpeted and uncarpeted 


floors was made for this analysis. 


Table 5-6. Data Used for Calculating the Within-House Components of Variation.  —_ 


Component/ Number of Number of 
| Location Houses Samples 











Study 
: Window Wal 


| Foundations _ 118 
CAP Study’ Soil 
es 
Dust is ; } | 
Window Sill 49 
Window Wel 


"Components of variation were obtained from the draft final EPA report titled “Components of Variation of Lead in 
Household Dust, Soil, and Paint” [18]. 
2 Mixed models were fitted to the data for this analysis. 









Rhode Island 
Depart- 
ment of Health? 















Side of House/ Foundations 





The CAP Study soil samples were obtained from the exterior entryway, foundation of the 
home, and boundary of the property. | a | | 

Note that in the Rochester study, each house had only a single soil sample from a given 
location, precluding the estimation of the within-house variability for soil. In the CAP Study, 
multiple soil samples at a home were collected from the foundations and property boundaries, | 
allowing the calculation of within-house soil sampling variability. For this analysis. the CAP 
Study variability was used in the assessment of the Rochester study data, even though the | 
Rochester study and CAP Study were conducted in different regions of the country. | | | | 

The within-house variability estimates for the Rochester study floor, window sill, and ~ 7 
window well dust wipes and the CAP Study soil samples were extracted from the draft final 
report, “Components of Variation of Lead in Household Dust, Soil, and Paint” [18]. A mixed 


model analysis was performed on the Rhode Island floor dust, window sill dust, window well 
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dust, and soil sample results to obtain the within-house variability estimates for this set of data. 
The specifics of the type of mixed model analysis performed can be found in [18]. 

Section 402 currently recommends the use of the Section 403 Interim Guidance standards 
for risk assessments. When the Section 403 Proposed Rule becomes final, the standards in this 
document will supersede the Interim Guidance standards. Both sets of standards were presented 
in Table 1-1. One exception to both the Interim Guidance and Proposed Rule made in this 
analysis was to include and compare both uncarpeted and carpeted floors to the standard 
presented for the uncarpeted floors. In addition, the Proposed Rule makes a distinction between 
play area soil and mid-yard soil. The CAP Study data only makes a distinction between 
foundation and boundary soil. Therefore, for this analysis the boundary soil was considered a 


surrogate for the mid-yard soil specified by the Proposed Rule. 


5.2.5 Error Probability Calculations Associated with “Simple” and “Compound” Lead 
Hazard Screens 


As mentioned above, the error probabilities were calculated for a “simple” and a 
“compound” lead hazard screen. The distinction between the terms “simple” and “compound” 
and the associated error probability calculations are provided below. 

In Section 402, when a lead hazard screen finds lead-based paint hazards in a home, the 
home is required to undergo a full risk assessment. The probability that a lead hazard screen 
incorrectly finds lead-based paint hazards or no lead-based paint hazards is called the “simple” 
lead hazard screen error probability. A “compound” lead hazard screen error probability is the 
probability of the risk assessment finding lead-based paint hazards or no lead-based paint 


hazards, given that the lead hazard screen found lead-based paint hazards in the home (1.e., the 


probability that a home_is assessed to have lead-based paint hazards or no lead-based paint 


hazards when a lead hazard screen indicated a lead-based paint hazard. 
Since the “simple” lead hazard screen merely determines whether or not a home has lead- 


based paint hazards on the basis of a lead hazard screen, only Type I (false positive) error 
probabilities are presented in Section 6.2.2.2. T ype I and II (false positive and false negative) 
error probabilities are presented for the “compound” lead hazard screen. To calculate the 
“compound” lead hazard screen error probabilities, an assumption was made that the 


measurements taken during a lead hazard screening stage are independent from the 
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measurements taken during the risk assessment stage. Given this assumption, the “compound” 
lead hazard screen error probabilities are based on the following compound probabilities. 

Since a house is determined to have lead-based paint hazards when the lead hazard screen 
finds lead-based paint hazards and then the risk assessment finds lead-based paint hazards, the 


probability of a Type I (false positive) error for a “compound” lead hazard screen 1s: 


P(lead hazard screen finds lead-based paint hazards and risk assessment finds lead-based paint hazards | 


assumed true lead level < medium standard) = 
P(lead hazard screen finds lead-based paint hazards | assumed true lead level < medium 


standard)* 
P(risk assessment finds lead-based paint hazards | assumed true lead level < medium standard). 


Under the above described hypothesis setting, this can be written as _ 


P(Y; 2 (A*S) , 2) = (AS) | ui, < (2*S)) = PIV) 2 (2°S,) | Wi, < (2°S))) * P(Zj = (2°S)) | Hi < (2"S)), 


where 


Y, is the calculated lead level for medium/component / and statistic 7 during lead 
hazard screen -_ 


Z, is the calculated lead level for medium/component i and statistic j during risk 
assessment 


is the standard for medium/component i (floor dust, window sill dust, window well 
dust, and soil). Note: The lead hazard screen uses ‘2 the Interim Guidance or | 
Proposed Rule standard as a level for comparison. 


ut, is the assumed unobservable, “true” lead level in home for medium i. 


A house is determined to have no lead-based paint hazards when either the lead hazard 
screen initially finds no lead-based paint hazards or when the lead hazard screen finds lead-based 
paint hazards, but the risk assessment finds no lead-based paint hazards. As a result, the 


probability of a Type II (false negative) error for a “compound” lead hazard screen is: 


P(lead hazard screen finds no lead-based paint hazards or 
lead hazard screen finds lead-based paint hazards but risk assessment finds no lead-based paint 
hazards | true lead level 2 medium standard) = 
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P(lead hazard screen finds no lead-based paint hazards | true lead level > medium standard) + 
[P(lead hazard screen finds lead-based paint hazards | true lead level > medium standard) * 
P(risk assessment finds no lead-based paint hazards | true lead level 2 medium standard)]. 


Under the above hypothesis setting and the descriptions of Y;,, Z;, S,, and y;, this can be written 


as 


P(Y; < * (A*S) or ¥; 2 (A*S)), 2; < (A*S) | uy, 2 (A*S))) = 
P(Y, < (A*S) | us 2 (2"S))) + [PCY 2 (A2°S)) | uy 2 (A*S))) * P(Z; < (A*S)) | uy, 2 (A*S)))). 


5.3 OBJECTIVE 3: SAMPLING LOCATIONS RISK ASSESSORS MAY WANT TO 

TARGET TO EVALUATE POTENTIAL LEAD HAZARDS 

As described in Appendix A, Section 402 does not explicitly specify the locations from 
which a risk assessor is required to sample dust [5]. As stated on page A-4, a certified risk 
assessor is directed as follows during a lead hazard screen at a residential dwelling: “two 
composite dust samples shall be collected, one from the floors and the other from the windows in 
rooms, hallways or stairwells where one or more children, age 6 and under, are most likely to 
come in contact with dust.”’ On page A-5, the specifications for a risk assessment direct the 
following for the certified risk assessor: “dust samples (either composite or single-surface 
samples) from the window and floor shall be collected in all living areas where one or more 
children, age 6 and under, are most likely to come in contact with dust.” Given these 
recommendations, a risk assessor may sample dust from the child’s play area or bedroom, the 
kitchen, entryway, or bathroom, etc. 

The goal of Objective 3 was to assess dust-lead loadings from sampling locations that a 
risk assessor may want to target to assure that the potential lead hazard to a child is best 
evaluated. The first step in the analysis was to assess the correlation coefficients between blood- 
lead concentration and dust-lead loadings for each sampling location and component. The 
second step was to build a pathways model to be assessed using structural equation modeling. 
The results from the second step provided recommendations for sampling. Each step is 


described below. 


5.3.1 Data Used in the Analysis 

The Rochester Lead-In-Dust Study data and the Rhode Island Department of Health data 
were evaluated for the appropriateness of being included in the Objective 3 analysis. A sufficient 
number of homes in the Rochester study had multiple rooms with multiple components sampled, 


while the Rhode Island data source did not. As a result, only the Rochester study data were 
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included in the Objective 3 analysis. Table 5-7 displays the rooms sampled in the Rochester 


study and the types of components sampled in each room. 


Table 5-7. Rooms and Types of Components Sampled in the Rochester Study. 


Component Sampled (Number of Homes) | 
Sampled Room [Floor (| __WindowSill_| __ Window Well_ 


v (150) 
_v (138) 
Kitchen | zon) | tt 
[interior Entryway | vcr) | | 
[_tivingroom | va) | ws 


Note: The number of homes with at least one dust sample taken from the given room and component is 
given in parentheses. 









The rooms and components sampled varied from house to house. Therefore, throughout 
this analysis, the number of dust wipe samples available was very important for determining 


which relationships could be investigated. 


5.3.2 Correlation Analysis 

The first step in evaluating the objective was to assess the correlation between blood-lead 
concentrations and dust-lead loadings from different rooms and components, as well as the 
correlation among the dust-lead loadings. The strength of the relationship of loadings with 
blood-lead indicated which variables may be direct pathways of lead exposure to the blood. The 
strength of relationships among the loadings indicated which variables may be considered 
indirect pathways of lead exposure to the blood. Direct and indirect pathways are explained 
below. | 

Pearson correlation coefficients (r) were calculated on the natural logarithmically 
transformed blood-lead concentrations and dust-wipe lead loadings. If the absolute value of r 
was near 1, this implied that the linear association between the two variables being evaluated was 
strong. If the absolute value of r was near 0, this implied that there was little to no linear 
association between the two variables. These correlation coefficients provided indications of 


which rooms and components should be included in the pathways analysis. 
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5.3.3 Pathways Analysis 

Figure 5-3 illustrates the lead pathways that were assessed using the Rochester study data. 
The pathways analysis was performed on data for 83 homes. These homes had data for all 
components specified within Figure 5-3. To keep the number of homes from being reduced 
further, dust-lead loadings from living room components and from kitchen window wells were 
not included in the pathways analysis (note that including kitchen window well samples would 
have excluded an additional 28 homes). The pathways model was created to assess, using 
structural equation modeling (SEM), the direct and indirect association between a sampling 
location or component and blood-lead concentrations. Several structural equation models 
describing pathways by which blood is exposed to environmental-lead have been assessed [13, 


14, 15, 16, 17]. 





Bedroom Window 
Well Dust 





Bedroom Window 


Sill Dust an Bedroom Floor Dust 






Kitchen 


Floor Dust we 
i : BLOOD 


Interior Entryway 
Floor Dust 





Play Area Window / 


Sill Dust oh Play Area Floor Dust 


Play Area Window | 
Well Dust 





Figure 5-3. Pathways of Lead Exposure Investigated Using the Rochester Study Data. 


To explain how structural equation modeling relates to other more commonly used 
statistical analysis techniques, and to explain the meaning of ‘direct’ and ‘indirect’ effects on the 
blood-lead concentration, consider Figure 5-3, which shows the pathways assessed in this 


analysis. 
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Figure 5-3 contains the direct effects on blood-lead of 


Bedroom floor, window sill, and window well dust 
Kitchen floor dust , 
Interior entryway floor dust 

Play area floor, window sill, and window well dust 


and the indirect effects on blood-lead of 


@ Bedroom floor dust via the play area floor dace 
@ Bedroom window sill dust via the bedroom floor dust 


@® Bedroom window well dust via the bedroom window sill dust or the Bedroons floor 
dust 3 


@ Play area floor via the bedroom floor dust 
@ Play area window sill via the play are floor dust 


@ Play area window well dust via the play area window sill dust or the play area floor 
dust 


@ Kitchen floor dust via the play area floor dust 


@ Interior entryway dust via the play area floor dust, bedroom floor dust, or the kitchen 
floor dust. 


To statistically assess these pathways, a SEM is constructed. Equations (1) through (6) 
below mathematically represent the pathways presented in Figure 5-3. 
(1) Blood = Bedroom Floor Dust + Bedroom Window Sill Dust + Bedroom Window 
Well Dust + Play Area Floor Dust + Play Area Window Sill Dust + Play Area 
Window Well Dust + Kitchen Floor Dust + Interior Entryway Floor Dust 
(2) Kitchen Floor Dust = Play Area Floor Dust + Interior Entryway Floor Dust 


(3) Play Area Floor Dust = Play Area Window Sill Dust + Play Area Window Well Dust 
+ Bedroom Floor Dust + Kitchen Floor Dust + Interior Entryway Floor Dust 


(4) Bedroom Floor Dust = Bedroom Window Sill Dust + Bedroom Window Well Dust + 
Play Area Floor Dust + Interior Entryway Floor Dust 
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(5) Play Area Window Sill Dust = Play Area Window Well Dust 


(6) Bedroom Window Sill Dust = Bedroom Window Well Dust 


Similar to multiple regression or analysis of variance (ANOVA), the direct effect of 


® Bedroom floor dust, bedroom window sill dust, bedroom window well dust, play area 
floor dust, play area window sill dust, play area window well dust, kitchen floor dust, 
interior entryway floor dust on blood in equation (1) 


@ Play area floor dust and interior entryway floor dust on kitchen floor dust in equation 


(2) 


@ Play area window sill dust, play area window well dust, bedroom floor dust, kitchen 
floor dust, interior entryway floor dust on play area floor dust in equation (3) 


@ Bedroom window sill dust, bedroom window well dust, play area floor dust, interior 
entryway floor dust on bedroom floor dust in equation (4) 7 


@ Play area window well dust on play area window sill dust in equation (5) 


@ Bedroom window well dust on bedroom window sill dust in equation (6). 


can be examined using SEM. Unlike multiple regression and ANOVA, the indirect effects listed 
above can be assessed using SEM by evaluating all six equations simultaneously. | 

Note that the pathways analysis performed for Objective 3 is a little different from 
pathways analyses that have been discussed in the literature [13, 14, 15, 16, 17]. In the literature, 
generally, all the sources from which lead may enter into a child’s environment are examined and 
included in the analysis — sources such as a floor dust, window sill dust, window well dust, soil, 
paint, hand dust, pica, etc. The floor dust, window sill dust, and window well dust variables in 
the published analyses usually represent an average floor dust-lead, window sill dust-lead, and 
window well dust-lead loading or concentration , respectively, over all rooms sampled (such as 
bedroom, play area, kitchen, living room, ey, etc.). The analysis in this report is slightly 
different. First, the interior dust- lead s sources are isolated: floor dust-lead, window sill dust-lead, 
and window well dust-lead, and no other sources of lead are considered. Second, the individual 


room floor dust, window sill dust, and window well dust-lead loadings are assessed, not the 





average over all rooms. For instance, in this analysis, the effect of bedroom floor dust, play area 


floor dust, kitchen floor dust, and interior entryway floor dust-lead loadings on a child’s blood 


49 


lead concentration are assessed; while in the published analyses, the average floor dust-lead 
loading over the bedroom, play area, kitchen, and interior entryway may have been assessed. 
Not averaging the dust-lead loadings in this report allowed an assessment of the effect of 


sampling location on identifying hazards. | 
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6.0 RESULTS 

This section presents the findings and results from the analyses discussed in Section 5. 
Section 6.1 presents the results of the risk assessor cost interviews and performance 
characteristics analysis. Section 6.2 provides the error probabilities analysis results, and 


Section 6.3 presents the results of the correlation and pathways analyses. 


6.1 OBJECTIVE 1: PROBABILITY OF CORRECTLY IDENTIFYING A LEAD-BASED PAINT 
HEALTH HAZARD IN SINGLE FAMILY HOUSING AND THE COSTS ASSOCIATED 
WITH THE RISK ASSESSMENT 





6.1.1 Risk Assessor Cost Summaries 


Caution: As discussed in Section 5.1, the sample of risk assessors providing cost data was not 
selected to be a statistically representative sample. Data were collected from nine 
contractors in nine different States. Initial interviews were conducted in May 1997, 
with follow-up interviews of seven contractors conducted in April, 1998. 


Four types of summaries of the risk assessor cost interviews are provided below: 


1. Average total costs of an activity: risk assessment, lead hazard screen, inspection, and 
risk assessment/inspection 


2. Average cost per environmental sample 
3. Average number of environmental samples collected 


4. Average, minimum, maximum, and sample size or frequency and sample size for all 
responses on the questionnaire. 


Note that, as discussed in Section 5.1, each contractor was assigned an ID corresponding 
to the region in which the contractor is located (northeast=NE, south=S, and west=W). These 


IDs were used to represent the contractors throughout this summary. 


6.1.1.1 Summary of the Risk Assessment, Lead Hazard Screen, Inspection, and Risk 
Assessment/Inspection Costs 


Figure 6-1 shows the total costs for a risk assessment, lead hazard screen, inspection, and 
risk assessment/inspection, as specified by each contractor. The average across all nine 


contractors is specified by the results labels “overall,” and are also presented in Table 6-1. 
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Table 6-1. Average Total Cost of a Risk Assessment, Lead Hazard Screen, Inspection, and 
Risk Assessment/Inspection With and Without Extremely High Costs. 






: Average Total Cost ($) | 
| Excluding Three Contractors | 
All Surveyed Contractors (S-1, S-2, S-3) with High Costs __|| 
$659 $435 | 


Lead Hazard Screen $304 $169 


Inspection $569 $308 : 
| $1,178 $550 















Activity 


Risk Assessment 
















Risk Assessment/Inspection 


Figure 6-1 shows that an overall average total cost for a risk assessment is $659, $304 
for a lead hazard screen, $569 for an inspection, and $1,178 for a risk assessment/inspection. 
Total costs ranged from $90 for a lead hazard screen by a contractor in the northeast to $2,825 
for a risk assessment/inspection by a contractor in the south. The large disparity in prices among 
the contractors appears to be related to the extensiveness of lead poisoning prevention programs 
in aregion. For instance, regions that have well established and very active prevention programs 
(such as the northeast) have lower inspection and screen costs than regions that have less active 
programs (such as the south). The contractors represented by dark blocks in Figure 6-1 generally 
charge a separate fee for each component of the activity and strongly influence the overall 
average with their extremely high costs. The fees for the three contractors in the south were 
typically higher than those reported by the other contractors. When the costs for these three 
contractors were removed and the averages recalculated, as shown in Table 6-1, the average total 
cost was $435, $169, $308, and $550 for a risk assessment, lead hazard screen, inspection, and 
risk assessment/inspection, respectively. This is a reduction of one-half to one-third of the 
overall average cost of the activity. These reduced averages may be more representative of the 
average cost of these activities when promulgation of the Section 403 rule makes these activities 


more commonplace. 
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Reasons for the disparity in costs anioug the contractors were not explored with the 
survey respondents during the initial interview. Through a round of follow-up phone calls, one 
of the contractors with the highest costs indicated that he thought his prices were higher due to 
the fact that they perform fewer risk assessment activities in his area of the country. Comments 
from the other contractors with higher costs were not obtained. 

During the follow-up interviews, the seven contractors who could be reached indicated 
that the costs of performing a risk assessment, lead hazard screen, inspection, and risk 
assessment/inspection had generally stayed the same, with some contractors reducing the costs 
because the 1997 HUD Guidelines revision of Chapter 7 reduced the number of XRF readings 
needed for the testing. | | 

For contractors who charge separate fees for the visual assessment, environmental 
sampling, and report of a risk assessment, lead hazard screen, inspection, and risk 
assessment/inspection, summaries of these separate fees are presented in Figures 6-2 through 6-5. 
The top chart in each figure corresponds to visual assessment costs, the middle chart represents 
environmental sampling costs, and the bottom chart represents report costs. Across all four 
activities, the visual assessment costs ranged from $150 for a risk assessment and lead hazard 
screen to $1,5 00 for a risk assessment/inspection. All contractors but one had visual assessment 
costs of $750 or less. The typical environmental sampling costs ranged from $19 for an 
inspection performed by a contractor from the south to $1,325 for a risk assessment/inspection 
performed by the same contractor. The reports for each of the activities ranged in costs from $50 
for a risk assessment report to $500 for a risk assessment, inspection, or risk assessment/ 
inspection report. Note that the contractors who charged separate costs for each component of an 


activity generally had higher costs than those that charged the basic fee. 
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Figure 6-2. Estimated Costs ($) of the Visual Assessment, Typical Environmental 
Sampling, and the Risk Assessment Report for a Risk Assessment. 
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Figure 6-3. Estimated Costs ($) of the Visual Assessment, Typical Environmental — 
Sampling, and the Lead Hazard Screen Report for a Lead Hazard Screen. 
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Figure 6-4. Estimated Costs ($) of the Visual Assessment, Typical Environmental 
| Sampling, and the Inspection Report for an Inspection. | 
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Figure 6-5. Estimated Costs ($) of the Visual Assessment, Typical Environmental 
Sampling, and the Risk Assessment/Inspection Report for a Risk 
Assessment/Inspection. 
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6.1.1.2 Summary of the Costs per Environmental Sample 
Table 6-2 presents the average cost per environmental sample (dust, soil, water) collected 


for each activity. The averages were calculated over all media/components and are presented 


over all contractors and for each contractor individually. 


Table 6-2. Average Cost Per Environmental Sample (Dust, Soil, Water) Collected for a Risk 
Assessment, Lead Hazard Screen, Inspection, and mek Assessment/Inspection, 
By Contractor. 








Average Total Costs ($)"! 
Minimum Costs — Maximum Costs 


| | Risk Assessment/ 
Contractor Risk Assessment Lead Hazard Screen Inspection 
ee 20. $20.64 $17.40 $16.43 
: $10.00-$25.00 $5.00-$25.00 | $5.00-$30.00 
NE-1 $15.00 | $15.00 , $15.00 
| $15.00-$15.00 $15.00-$15.00 $15.00-$15.00 
$10.00 $11.00 $10.00 
$10.00-$10.00 $10.00- $12.00 $10.00-$10.00 
$25.00 
$25. 00-$25.00 
$20.00 $20.00 
$20.00-$20 $20.00-$20.00 
$22.88 $18. 50 $22.88 
$16.50-—$30.00 $18.50-$18.50 $16.50-$30.00 
$25.00 $25.00 $25.00 $25.00 
$25.00-$25.00 $25.00-$25.00 $25.00-$25.00 $25.00-$25.00 
$19.50 $19.50 $18.50 $19.40 
$18.50-$20.00 $18.50-$20.00 dha 50-$18.50 $18.50-$20.00 
$5.00 $5.00 $5.00 
$5.00-$5. 00 $5.00-$5.00 $5.00-$5.00 
= $15.00-$15.00 | $15.00-$15.00 


* No paint costs were available for any of the activities. 
> The costs for the activity were not reported by the contractor. 
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Overall, the average total cost per sample ranged from $16 per sample for the risk 
assessment/inspection to $21 per sample for the lead hazard screen. The lowest cost per sample 
was $5 for a contractor in the west region, while the highest cost per sample was $25 for a 
contractor in the south region. Generally, across the four activities, the costs per sample 
remained nearly the same for a given contractor. 

Table 6-3 presents the average collection cost, average analysis cost, and average total 
cost, per environmental sample, for each of the media/components sampled. As discussed in 
Section 5, the total cost was the sum of the collection and analysis costs. Because only one 


contractor reported collection costs separately, total costs typically reflect just the cost of 


analysis. 


Table 6-3. Average Cost Per Sample Collected for Sampling Performed by a Certified Risk 
Assessor During a Risk Assessment, Lead Hazard Screen, Inspection, or Risk 
Assessment/Inspection For All Contractors. 


Type of Sample 






Average Cost Per Sample ($) 
Minimum Cost — Maximum Cost 
(N=# of Contractors Responding) . 


Collection Cost Analysis Cost Total Cost 











































Dust Composite $10.00 $17.50 $20.00 
$10.00 - $10.00 $15.00 - $20.00 $15.00 - $25.00 

(N= 1) (N=3) (N=3) 

Single $10.00 $18.39 $18.71 





dar rv aaa eee ee aaa 


= 1) 
Paint Chips —- 
Composite 
Paint Chips — 
Bile 


| Soil - | Composite $15.00 — a 
| $15.00 - $15.00 | $5.00- $25.00 | $5.00 - $25.00 | 

— (N=1) | (N=7) (N=7) 
a 


~~ $15.00 $11.82 $13.18 
| $15.00 - $15.00 $ 5.00 — $15.00 $ 5.00 - $25.00 
(N= 1) (N=5) (N= 5) 











* No cost was reported by any contractor. (See text for paint cost information obtained in follow-up 
interviews.) 
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Table 6-3 shows that the average total costs per environmental sample were highest for 
the three contractors who collected dust composite samples, at $20 per sample, with costs 
ranging from $15 to $25 per composite sample. The lowest cost per sample was $13 for water, 
where five contractors reported costs ranging from $5 to $25 per sample. No breakdowns on the 
cost per sample for paint were reported by any of the contractors during the initial interviews. 
Tables G-1 through G-9 in Appendix G present similar summaries for each of the contractors. 

The follow-up interviews found that, for contractor S-3, the risk assessment dust 
sampling costs were reduced from $20 per sample to $15 per sample for collection and analysis, 
but the soil composite sampling increased from $20 per sample to a range of $35 to $50 per 
sample for collection and analysis. In the initial interview, contractor S-2 specified no collection 
cost for dust, soil, or paint sampling under any of the activities, but indicated a $15 collection 
cost in the follow-up interview. In the follow-up interview, contractor NE-3 indicated an 
increase in costs for dust, soil, and water sampling from $25 for collection and analysis to $35 
and an increase in XRF testing from $125 for the first hour to $150. Contractor NE-2 indicated 
in a follow-up interview that the analysis costs for soil samples increased from $10 to $12, but 
the basic fee for an inspection decreased from $250 to $195. 

‘Jn the initial interviews, no paint sampling information was obtained; but, during the 
follow-up interviews, one contractor charged $50 per hour for XRF testing, two others charged a 
flat fee of $200 and $365 for XRF sampling, and two other contractors charged $15 per sample 


for collection and analysis of paint chips. 


6.1.1.3 Summary of the Number of Environmental Samples Collected 
The average number of samples (of all environmental media) collected for a particular 


environmental assessment activity at a given house is summarized in Table 6-4 for each 
contractor and over all contractors. Over all contractors, the average number of samples 
collected ranged from five for a lead hazard screen to 42 for an inspection. The fewest number 
of samples reported was two for a risk assessment, inspection, or risk assessment/inspection 
performed by contractor NE-1. The highest number of samples reported was 250 for a risk 
assessment and inspection by contractor NE-2, which represented the expected number of XRF 


measurements. 
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Table 6-4. Average Number of Environmental Samples Collected for a Risk Assessment, 
Lead Hazard Screen, Inspection, and Risk rnc mers econ Over All 
Media, By Contractor. 












Average Number of Samples Collected 
Minimum # Samples — Maximum # Samples 


= "2 Risk Assessment/ 
Contractor _ Risk Aseinant: Lead Siazaid Screen Inspection Inspection | 
Overall 18 5 42 10 
1-250 1-10 1-250 1-50 
116 225 
6-250 1- a 200-250 | 










4 2 4 | 3 
Pewee) ly 


* The number of samples collected for the activity was not reported by the contractor. 


> This contractor generally did not perform risk assessments; therefore, no applicable information was 
available. 


Table 6-5 presents the average number of dust, paint, soil, and water samples, calculated 
over the four activities and all contractors. On average, 4 composite dust samples, 8 single dust 
samples, 91 XRF measurements, 3 composite soil samples, and 1 water sample were collected 
when one of the four activities were performed. These averages are all in line with the 
recommendations given in the guidance documents. The follow-up interviews indicated that 
generally, the number of samples remained the same, with only the XRF samples being reduced 
because of the 1997 updates to the HUD Guidelines. Similar summaries are provided in Tables 


G-1 through G-9 in Appendix G for each of the contractors. 
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Table 6-5. Average Number of Samples Collected for Sampling Performed by a Certified 
Risk Assessor During a Risk Assessment, Lead Hazard Screen, Inspection, or 
Risk Assessment/Inspection For All Contractors. | | 


| 5 | Average Number of Samples 
| Type of Sample : 






Minimum # Samples — Maximum # Samples | 
(N = # of Contractors Responding) 












Composite 


“ ” | 


Paint Chips — Composite 
Paint — — Single Area 


‘o: 280 
(N = 
Composite 
< - ib 
= 7) 


Single Area . 


=F 
( 


a 





, 





a at 


The number of samples collected was not reported by any contractor. 


6.1.2 Performance Characteristic Analysis Results 

As discussed in Section 5.1, only the Rochester Lead-In-Dust Study data had the — 
appropriate information to assess Sampling Protocols A, B, and C outlined in Tables 5-2, 5-3, 
and 5-4, respectively. Using the performance characteristic summary measures discussed in 
Section 5.1, the results presented below assess | a | 


1. The impact of the number of rooms in nahiel dust wipe samples are obtained on the 
outcome of a full risk assessment (Sampling Protocol A) 


2. The impact of various eanetnads of aati the ne wipe samples on n the 
outcome of a full risk assessment —_ Protocol B) | 


3. The siicone of a full risk assessment versus the outcome of a lead hazard screen 
(Sampling Protocol C) 
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4. The impact of changing from the Interim Guidance standards to the Proposed Rule 
standards on a full risk assessment and a lead hazard screen 


5. The estimated cost of performing a risk assessment or lead hazard screen. 


6.1.2.1 Results of Protocol A Analysis: Assessment of the Impact of the Number of 
Rooms in Which Dust Wipes Are Collected on a Risk Assessment Outcome 


As discussed in Section 5.1 and summarized in Table 5-2, Protocol A was designed to 
assess the impact of obtaining dust wipe samples fon floors, window sills, and window wells in 
two, three, and four specified rooms where, 6, 7, and 8 to 9 dust wipe samples were obtained, 
respectively, during a risk assessment. The two rooms sampled were the bedroom and play area; 
the bedroom, play area, and entryway were the three rooms sampled; and the bedroom, play area, 
entryway, and kitchen were the four rooms sampled. The child’s bedroom and primary play area 
were always sampled since the HUD Guidelines recommend that sampling occur in these two 
rooms. The entryway and kitchen were sampled to assess how additional sampling (allowed 
under the HUD Guidelines) may affect the outcome of a risk assessment as characterized by the 
performance characteristics. | | | 

Tables 6-6 and 6-7 present the performance characteristic summary statistics when a full 
risk assessment is performed under the Interim Guidance and Proposed Rule standards, _ 
respectively, using Protocol A and XRF measurements from surfaces with >5% deteriorated 
paint. Under both sets of standards, the impact of sampling from additional rooms appears to be 
minimal in terms of the number of homes found to have lead-based paint hazards and the | 
protectiveness of the sampling. The number of homes found to have lead-based paint hazards 
remains constant at 85.5 % under the Interim Guidance standards and slightly increases from 
74. 7 % to 77.1% under the Proposed Rule. Under the Interim Guidance, all four performance 
characteristics remain constant at 88.2% for sensitivity, 15.2% for specificity, 21.1% for PPV, 
and 83.3% for NPV. The sensitivity, PPV, and NPV increase from 82.4% to 88.2%, 22.6% to 
23.4%, and 85. 7% to 89.5% for the Proposed Rule as the number of rooms sampled 1 increases 
from 2 to 4rooms. The specificity decreases from 27.3% to 25.8%. Though there are some 
differences, a check of the lower and upper confidence bounds indicates that these differences are 


not statistically significant, indicating that the effect of the additional rooms in sampling does not 
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Table 6-6. Sampling Protocol A: Assessment of the Impact of the Number and Type of 
Rooms in Which Dust Wipe Samples are Collected on the Outcome of a Full 
Risk Assessment, Using the Interim Guidance Standards (XRF Paint Samples 
from Surfaces With 25% Deteriorated Paint). 


Sampling Protocol Group A 
A-1 (4 sae A-2 —"ae Rooms) A- 3 (2 ee 
# Homes Included in Analysis © 


Number of Individual Dust Samples / 
| Homes 
% of Homes in Which Lead-Based Paint 85.5% 85.5% 85.5% 
Hazards Were Found 
(# Homes Below Standards / # Homes) — 


|| % of Blood Samples 210 yg/dL 20.5% 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards (2 Media Standard) 
(# of Homes Below Media Standard / # Homes in Which Samples Were Collected) 


Window Wel 
Paint (>5% deteriorated) 


Performance Characteristics 
















88.2% 88.2% 88.2% 








Sensitivity 

" (LCB, UCB) (63.6%, 98.5%) | (63.6%, 98.5%) (63.6%, 98.5%) 
Specificity 15.2% 15.2% 15.2% 
-(LCB, UCB) (7.5%, 26.1%) | (7.5%, 26.1%) | — (7.5%, 26.1%) 





Positive Predictive Value © 21.1% 21.1% 21.1% 

(LCB, UCB) (12.3%, 32.4%) (12.3%, 32.4%) | (12.3%, 32.4%) 
, - Negative Predictive Value : 83.3% 83.3% 83.3% 

(LCB, UCB) | (51.6%, 97.9%) (51.6%, 97.9%) (51.6%, 97.9%) 


Notes: 1. For 2, 3, and 4 rooms, respectively, 6, 7, and 8-9 dust wipe samples were obtained from floors, 
-_ window sills, and window wells. Three core soil samples were taken on each side of the house (in 
general there were 12 core samples) and combined for a composite sample. Three XRF paint-lead 
measurements were taken monn various surfaces, and the three measurements for each surface 
- were averaged. 
2. See Table 5-2 for definitions of sseciine protocols A-1, A-2, and A-3. 
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Table 6-7 Sampling Protocol A: Assessment of the Impact of the Number and Type of 
Rooms in Which Dust Wipe Samples are Collected on the Outcome of a Full Risk 
Assessment, Using the Proposed Rule Standards (XRF Paint Samples from 
Surfaces With 25% Deteriorated Paint). _ 










Sampling Protocol Group A 


A-1 (4 Rooms) A-2 (3 Rooms) | A-3 (2 Rooms) 
#Homes Included in Analysis =| ssid SS SSSC*dSSC~ia SSCS 


Number of Individual Dust Samples per 7 
Home | 


% of Homes in Which Lead-Based Paint 
Hazards Were Found | 
(# Homes Below Standards / # Homes) 


% of Blood Samples 210 ywg/dL 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards (2 Media Standard) 
(# of Homes Below Media Standard / # Homes in Which Samples Were Collected) | 


| AllFloors —ss—s—i<‘tséi‘s‘*dYrSC*é 8% 1 9/BB 9.6% (8/83) 4.8% (4/83) 
Carpeted Floors Only | 2.6% (2/76) 2.6% (2/76) | _1.3% (1/75) 
) 













) 
| 7 Uncarpeted Floors Only | 9.8% (8/82 12.1% (7/58) 10.3% (3/29) 
‘Window Sill | ___|__ 28.9% (24/83) | 28.9% (24/83) 28.9% (24/83) | 
| Window Well | | | 
| 27.3% (21/77) 27.3% (21/77) 27.3% (21/77) | 


Soil (Average of average dripline © 
and average play area) | 


~ Dripline Soil Only | | N 










Play Area Soil Only | — . N | =~ 
Paint (25% deteriorated) | 79.7% (51/64) 79.7% (51/64) | 79.7% (51/64) _ 


| Performance Characteristics : . 


Sensitivity —- 88.2% 82.4% 82.4% 
LCB, UCB) | (63.6%, 98.5%) ; (56.6%, 96.2%) (56.6%, 96.2%) 
















(LCB, 

| ~—s Specificity 25.8% | 25.8% 27.3% 
(LCB, UCB) | ‘| (15.8%, 38.0%) (15.8%, 38.0%) | (17.0%, 39.6%) | 
Positive Predictive Value 23.4% | 22.2% 22.6% 






(LCB, UCB) (13.8%, 35.7%) (12.7%, 34.5%) (12.9%, 35.0%) 


Negative Predictive Value 4 89.5%  —— 85.0% | 85.7% 
| (LCB, UCB) (66.9%, 98.7%) (62.1%, 96.8%) | (63.7%, 97.0%) 


Notes: 1. For 2, 3, and 4 rooms, respectively, 6, 7, and 8-9 dust wipe samples were obtained from floors and 
window sills. Window well samples are not required under the Proposed Rule. Three core soil 
samples were taken on each side of the house (in general there were 12 core samples) and 

combined for a composite sample. Three XRF paint-lead measurements were taken from various 
surfaces, and the three measurements for each surface were averaged. | 
2. See Table 5-2 for definitions of sampling protocols A-1, A-2, and A-3. 
3 NA indicates that these samples were not included in the analysis. 
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statistically significantly affect the outcome of the risk assessment as measured by the 
performance characteristics. Tables G-10 and G-11 in Appendix G show similar results when the 
analysis is run using XRF samples obtained from surfaces with >15% deteriorated paint. 

Since the focus of the analysis was on dust wipe sampling in additional rooms, 
performance characteristics were calculated excluding the soil and paint sampling. Table 6-8 


presents a summary of these results. 


Table 6-8. Sampling Protocol A: Summary of the Assessment of the Impact of the 
Number and Type of Rooms in Which Dust Wipe Samples are Collected on the 
Outcome of a Risk Assessment, Using the Interim Guidance and Proposed Rule 
Standards (No Soil and Paint Sampling Included). 












| _ Sampling Protocol Group A 


A-1 A-2 A-3 A-1 A-2 A-3 
(4 Rooms) | (3 Rooms) | (2 Rooms) || (4 Rooms) | (3 Rooms) | (2 Rooms) 
81.9% 33.7% 32.5% 


See a 22.1% | 22.4% | 22.4% |} 39.3% 37.0% | 40.0% 
_ Negative Predictive 86.7% 87.5% 87.5% 89.1% 87.5% 87.9% 


Value : 
Note: See Table 5-2 for definitions of sampling protocols A-1, A-2, and A-3. 
















# Homes Included in 
Analysis | 


% of Homes in Which 
Lead-Based Paint Hazards 
Were Found | 


Performance Characteristics 
Sensitivity 
Specificity 





64.7% 58.8% 58.8% 
74.2% 74.2% 77.3% 











_ Table 6-8 shows that, even when focusing only on the dust wipe samples, there is very 
little difference in the performance characteristics as the number of rooms sampled increases and 
the sampling is isolated to only the dust wipe sampling. The details of the analysis are presented 
in Tables G-12 and G-13 in Appendix G where the confidence intervals about the performance 


characteristics indicate that the small differences observed are not statistically significant. 
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In the Rochester data, only floor samples were obtained in the interior entryway and floor 
and/or window well samples were obtained in the kitchen. Of the 83 homes included in this 
analysis, entryway floors were sampled in 83 homes, kitchen floors in 83 homes, and kitchen 
window wells in 55 homes. Given the high number of homes that had samples taken inthe _ 
kitchen and entryway, Table 6-9 summarizes the additional number of homes in which lead- 
based paint hazards were found when the entryway was sampled after the bedroom and play area 
had been sampled and when the kitchen was sampled after the bedroom, play area, and entryway 
had been sampled. As can be seen in Table 6-9, very few additional homes were found to have 
lead-based paint hazards when the entryway and then the kitchen were sampled. This helps 
explain why the performance characteristics did not change significantly when the additional 


rooms were sampled. 


Table 6-9. Number of Additional Homes in Which Lead-Based Paint Hazards Were Found 
When the Entryway and Kitchen Were Sampled. 


Number of Additional Homes Found to Have Lead-Based Paint Hazards 

















































Kitchen Kitchen 
(Bedroom, Play (Bedroom, Play 
Entryway Area, and Entryway Area, and 
(Bedroom and Play Entryway are (Bedroom and Play Entryway are 
Component Area are Baseline) Baseline) Area are Baseline) Baseline) 





2 


It should be noted that the results of these analyses are based on an assumption that at 


least 6 samples are collected when 2 rooms are sampled. If fewer samples are collected when 
only examining 2 rooms (e.g., 2 samples in 2 rooms or 4 samples in 4 rooms) the results may be 


different. 


The differences observed between the Interim Guidance and Proposed Rule performance 


characteristics are discussed in Section 6.1.2.4. 
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6.1.2.2 Results of Protocol B Analysis: Assessment of the Impact of Various Methods 
of Characterizing Dust Wipe Samples on the Outcome of a Risk Assessment 


Currently, when a certified risk assessor performs a risk assessment under EPA’s Interim 
403 Guidance or HUD’s 1995 Guidelines, a home is determined to have lead-based paint hazards 
if any sample does not pass the standards outlined in each document. Under EPA’s Proposed 
Rule, a home is determined to have lead-based paint hazards if the arithmetic mean of all 
uncarpeted floor dust wipe samples or window sill dust wipe samples or the average of the 
dripline and mid-yard soil samples is above the proposed standards. 

The purpose of this analysis was to assess the effectiveness of using an arithmetic mean, 
geometric mean, or maximum value of the dust wipe samples as a method of characterizing the 
dust lead in a home under the different standards (see Table 5-3). Tables 6-10 and 6-11 present 
the performance characteristic results for a full risk assessment (XRF samples taken from 
surfaces with >5% deteriorated paint) using the Interim Guidance and Proposed Rule standards, 
respectively. 

Tables 6-10 and 6-11 show that the percentage of homes found to have lead-based paint 
hazards is highest for the maximum value and lowest for the geometric mean. Under the Interim 
Guidance, sensitivity and NPV were highest for the maximum value and lowest for the geometric 
mean. Under the Proposed Rule, the sensitivity was highest for the maximum value and 
arithmetic mean and lowest for the geometric mean, while the NPV was highest for the 
arithmetic mean and lowest for the maximum value. 

The percentage of homes found to have lead-based paint hazards under the Interim 
Guidance ranged from 77.7% for the geometric mean to 85.7% for the maximum value; and, 
under the Proposed Rule standards, ranged from 73.2% for the geometric mean to 79.5% for the 
maximum value. For both standards, the percentage of homes found to have lead-based paint 
hazards when using the arithmetic mean was between the geometric mean and maximum value 


findings. 
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Table 6-10. Sampling Protocol B: Assessment of the Impact of Various Methods of 
| Characterizing Dust Wipe Samples Obtained in a Full Risk Assessment, Using 
the Interim Guidance Standards (XRF Paint Samples from Surfaces With >5% 
 Deteriorated Paint). 









Sampling Protocol Group B | 
B-1 B-2 B-3 
(Geometric Mean) (Arithmetic Mean) (Maximum Value) 


% of Homes in Which Lead-Based Paint 77.7% 81.3% | 85.7% 
Hazards Were Found | 
(# Homes Below Standards / # Homes) 





on 
mah 
No 











% of Blood Samples 210 pg/dL 


I} % of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards (2 Media Standard) 


(# of Homes Below Media Standard / # Homes in Which Samples Were Collected 


) 
16.1% (18/112) 27.7% (31/112) 
| Dripline Soil Only ; 7.7% (8/104) 
Paint (25% deteriorated) 77.3% (68/88) 77.3% (68/88) 


Performance Characteristics 


Sensitivity : 83.3% 87.5% 91.7% 
(LCB, UCB) 62.6%, 95.3%) (67.6%, 97.3%) (73.0%, 99.0%) 


( 
Positive Predictive Value 23.0% 23.1% 22.9% 
(LCB, UCB 


14.6%, 33.2%) (14.9%, 33.1%) | (15.0%, 32.6%) 


Negative Predictive Value 84.0% 85.7% 87.5% 
(LCB, UCB) (63.9%, 95.5%) | (63.7%, 97.0%) (61.7%, 98.4%) 


, ( 
Specificity 23.9% 20.5% 15.9% 
LCB, UCB) (15.4%, 34.1%) (12.6%, 30.4%) (9.0%, 25.2%) 
' ) ( 


Notes: 1. Floor, window sill, and window well samples were collected as dust wipes. All available dust 
samples (wipe) taken in the bedroom, play area, entryway, and kitchen were included in the 
analysis. Three core soil samples were taken on each side of the house (in general there were 12 
core samples) and combined for a composite sample. Three XRF paint-lead measurements were 
taken from various surfaces, and the three measurements for each surface were averaged. 
2. See Table 5-3 for definitions of sampling protocols B-1, B-2, and B-3. 
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Table 6-11. Sampling Protocol B: Assessment of the Impact of Various Methods of 
Characterizing Dust Wipe Samples Obtained in a Full Risk Assessment, Using 
the Proposed Rule Standards (XRF Paint Samples from Surfaces With 25% 
Deteriorated Paint). | 






Sampling Protocol Group B- 


Bt a 
| (Geometric Mean) | (Arithmetic Mean) (Maximum Value) 


% of Homes in Which Lead-Based Paint 73.2% | 75.9% | 

Hazards Were Found : 

(# Homes Below Standards / # Homes) | 7 Be 

| % of Blood Samples =10 g/dL GH 

| % of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards (> Media Standard) 

(# of Homes Below Media Standard / # Homes in Which Samples Were Collected) _ 
) 


|All Floors 
| Window Well _ | 

Soil (Average of average dripline 
and average play area) 
























| 27.6% (29/105) 27.6% (29/105) 27.6% (29/105) 







Dripline Soil Only 






| 77.3% (68/88) 


Play Area Soil Only | 


| 77.3% (68/88) | 77.3% (68/88) 


Paint (25% deteriorated) 





|| Performance Characteristics 































Sensitivity | 87.5% 91.7% 91.7% | 
(LCB, UCB) | (67.6%, 97.3%) | (73.0%, 99.0%) (73.0%, 99.0%) | 
Specificity : 30.7% | 28.4% | 23.9% 

(LCB, UCB) __ | | (21.3%, 41.4%) | (19.3%, 39.0%) | (15.4%, 34.1%) _| 
Positive Predictive Value | 25.6% | 25.9% , 24.7% 

(LCB,UCB) ——__ (16.6%, 36.4%) | (17.0%, 36.5%) | (16.2%, 35.0%) 

Negative Predictive Value 90.0% — 92.6% 91.3% | 
(LCB, UCB | (73.5%, 97.9%) (75.7%, 99.1%) (72.0%, 98.9%) | 


) 


Notes: 1. Floor and window sill samples were collected as dust wipes. Window well samples are not 
included in the Proposed Rule sampling scheme. All available dust samples (wipe) taken in the 
bedroom, play area, entryway, and kitchen were included in the analysis. Three core soil samples 
were taken on each side of the house (in general there were 12 core samples) and combined for a 
composite sample. Three XRF paint-lead measurements were taken from various surfaces, and the 
three measurements for each surface were averaged. 3 | 

See Table 5-3 for definitions of sampling protocols B-1, B-2, and B-3. 

NA indicates that these samples were not included in the analysis. 


WN 
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Under the Interim Guidance standards, the maximum value had the hi ghest sensitivity 
and NPV (91.7% and 87.5%, respectively) and the lowest specificity (15.9%) while the 
geometric mean was lowest (83.3% and 84.0% for the sensitivity and NPV, respectively). Under 
the Proposed Rule, the arithmetic mean and maximum value had the highest sensitivity at 91.7%, 
and the arithmetic mean had the highest NPV at 92.6%. The geometric mean had the lowest 
sensitivity and NPV at 87.5% and 90.0%, respectively. Overall, there were not large differences 
in the performance characteristics among any of the three statistics. Tables G-14 and G-15 
present similar summaries when XRF measurements are taken on surfaces with >15%_ 

_ deteriorated paint. 

Again, since the focus of this analysis was on the effect of the various summary methods 
on characterizing the dust levels in the home, the performance characteristics were calculated 
excluding the soil and paint samples from the analysis. Table 6-12 presents a summary of the 


results and Tables G-16 and G-17 present the details of the analysis. 


Table 6-12. Sampling Protocol B: Assessment of the Impact of Various Methods of 
Characterizing Dust Wipe Samples Obtained in a Full Risk Assessment, Using 
the Interim Guidance and Proposed Rule Standards (No Soil and Paint 
Sampling). | oe | 








Sampling Protocol Group B 


B-1 B-2 B-3 


| (Geometric | (Arithmetic | (Maximum 
Value) 












Proposed Rule be 
B-1 B-2 B-3 
(Geometric | (Arithmetic | (Maximum 

Mean) | | Value) 


| 35.7% 


| 22.4% 22.4% | 23.7% | 37.1% | 37.5% | 28.1% | 


Note: See Table 5-3 for definitions of sampling protocols B-1, B-2, and B-3. 










# Homes Included in Analysis 


% of Homes in Which Lead- 
Based Paint Hazards Were 
ii Found 









| Performance Characteristics 






Sensitivity 






70.8% | 79.2% | 91.7% 
33.0% | 25.0% | 19.3% 


Specificity 


| Positive Predictive Value 





Negative Predictive Value 
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When they are based only on the dust samples, differences in performance characteristics 
are more pronounced. Under the Interim Guidance, the sensitivity increased from 79.2% to 
91.7% when using the maximum value rather than the arithmetic mean and NPV increased from 
81.5% to 89.5%. Under the Proposed Rule, the percentage of homes found to have lead-based 
paint hazards increased from 35.7% to 57.1% when using the maximum value rather than the 
arithmetic mean and the sensitivity increased from 62.5% to 75%. 

The differences observed in the percentage of homes found to have lead-based paint 


hazards and the performance characteristics for the two sets of standards are discussed below. 


6.1.2.3 Results of Protocol C Analysis: Comparison of Full Risk Assessment Outcome 
to a Lead Hazard Screen Outcome 





The Protocol C analysis compared the outcome of a risk assessment to the outcome ofa 
lead hazard screen. The lead hazard screen is meant to be a lower-cost assessment for well 
maintained homes constructed after 1960 or homes considered unlikely to have significant lead 
paint, dust, or soil hazards. The lead hazard screen requires fewer environmental samples (1.€., 
soil is not sampled as it is in a risk assessment, and a choice of window components sampled is 
allowed), while applying more stringent standards for passage of the assessment (i.e., half the 
Interim Guidance or Proposed Rule standards, whichever set of standards the assessment is being 
performed under). Because fewer samples are required, the chances of passing a home when a 
hazard exists may be higher than if a full risk assessment is performed. Note that for a lead 
hazard screen, Section 402 only prescribes that “windows” be sampled. The 1995 HUD 
Guidelines interpreted “windows” as sampling only the window wells and not the window sills. 
The Section 403 Interim Guidance and Proposed Rule do not make an interpretation, but the 
Proposed Rule does not provide a standard for window well sampling. The different standards 
and interpretations result in various scenarios under which a lead hazard screen could be 
performed including potentially sampling no windows. Tables 6-13 and 6-14 assess the various 


choices a risk assessor could make when performing a lead hazard screen. 
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Table 6-13. Sampling Protocol C: Comparison of Full Risk Assessment Outcome to 
Several Lead Hazard Screen Outcomes, Using the Interim Guidance Standards 
(XRF Paint Samples From Surfaces With 25% Deteriorated Paint). 


Sampling Protocol Group Cc 


C-1 — 
(Risk | | | C-2 
Assessment) (Lead Hazard Screen) 


| % of Homes in Which Lead- 83.9% 
| Based Paint Hazards Were 
Found 

(# Homes Below Standards / # 
Homes) 


% of Blood Samples 210 yg/dL 21.4% | | 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


| All Floors 8.0% (9/112) 8.9% (10/112) 8.9% (10/112) 8.9% (10/112) 
Carpeted Floors Only | 3.9% (4/102) — 2.9% (3/102) 2.9% (3/102) 2.9% (3/102) | 
Uncarpeted Floors Only .5% (6/102) 7.3% (8/109) | 7.3% (8/109) 7.3% (8/109) | 














5 
|_ Window Well | 83.0% (93/112) | 82.1% 192/112) | —sNA__—_—| 82.1% (92/112) | 
Dripline Soil Only | 7.7% (8104) | NA | NA TNA Cd 
A NA | 
| ) | 





| __ Play Area Soil Only 0% (0/52) 
Paint (>5% deteriorated) 77.3% (68/88) 77.3% (68/88 77.3% (68/88) | 77.3% (68/88) | 


Performance Characteristics 


Sensitivity 91.7% 87.5% 83.3% 91.7% | 
| _(LCB, UCB) (73%, 99.0%) | (67%, 97%) | (62%, 95%) (73%, 99%) | 
| Specificity 15.9% 17.0% 37.5% 19.3% | 

(LCB, UCB) | (9%, 25%) (10%, 27%) (27%, 49%) (12%, 29%) 
| Positive Predictive Value 22.9% 22.3% 26.7% | 23.7% | 

(LCB, UCB) | (15%, 33%) (14%, 32%) | (17%, 38%) (16%, 34%) | 
1 Negative Predictive Value 87.5% 83.3% 89.2% | 89.5% | 
|__(LCB, UCB) _ (62%, 98%) | (59%, 96%) (75%, 97%) | (67%, 99%) | 


Notes: 1. Floor, window sill, and window well samples were collected as dust wipes. All available dust 
samples (wipe) taken in the bedroom, play area, entryway, and kitchen were included in the analysis. 
Three core soil samples were taken on each side of the house (in general there were 12 core 
samples) and combined for a composite sample. Three XRF paint-lead measurements were taken 
from various surfaces, and the three measurements for each surface were averaged. 
2. See Table 5-4 for definitions of sampling protocols C-1 and C-2. 
3. NA indicates that these samples were not included in the analysis. 
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Table 6-14. Sampling Protocol C: Comparison of Full Risk Assessment Outcome to 
Several Lead Hazard Screen Outcomes, Using the Proposed Rule Standards 
(XRF Paint Samples From Surfaces With 25% Deteriorated Paint). 














Sampling Protocol Group C | 


| C-1 | C-2 
(Risk Assessment) (Lead Hazard Screen) 


75.9% 67.0% } 67.0% 


21.4% 





# Homes Included in Analysis 


% of Homes in Which Lead-Based Paint 
Hazard Were Found | 
(# Homes Below Standards / # Homes) 


% of Blood Samples 210 yg/dL 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


8.9% (10/112) 30.4% (34/112) 
2.9% (3/102) 10.8% (11/102) 
7.3% (8/109) 26.6% (29/109) 


0.4% (34/112) 
10.8% (11/102) 
2 6% (29/109) | 
64.3% (72/112) 


All Floors 


Carpeted Floors Only 


Uncarpeted Floors Only 


| Window Sill 32.1% 


Window Well N 


) | NA | ( 

A 

A NA N 
NA | 


Soil (Average of average dripline 
and average play area) 


vA 
NANA 


Paint (25% deteriorated) 77.3% (68/88) 77.3% (68/88) | 77.3% (68/88) | 


A 
A 
Dripline Soil Only A 
A 


N 


Play Area Soil Only 


Performance Characteristics 


Sensitivity | 91.7% | 83.3% 91.7% 
| (LCB, UCB) (73%, 99%) (63%, 95%) (73%, 99%) 


| ° Specificity 28.4% 37.5% : 25.0% | 
(LCB, UCB) (19%, 39%) (27%, 49%) (16%, 35%) 


Positive Predictive Value 25.9% | 26.7% 25.0% 
| -(LCB, UCB) (17%, 37%) (17%, 38%) (16%, 35%) 


Negative Predictive Value 92.6% 89.2% 91.7% 
(LCB, UCB) (76%, 99%) (75%, 97%) (73%, 99%) 
Notes: 1. Floor and window sill samples were collected as dust wipes. Window well samples are not included 
in the Proposed Rule sampling scheme. All available dust samples (wipe) taken in the bedroom, play 


area, entryway, and kitchen were included in the analysis. Three core soil samples were taken on 
each side of the house (in general there were 12 core samples) and combined for a composite 
sample. Three XRF paint-lead measurements were taken from various surfaces, and the three 
measurements for each surface were averaged. 

2. See Table 5-4 for definitions of sampling protocols C-1 and C-2. 

3. NA indicates that these samples were not included in the analysis. 
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Most of the homes in the Rochester Study would not have been recommended for a hazard 
screen since more than 80% were built prior to 1940 and an additional 5% were built prior to 
1970. This should be taken into account when interpreting the results in Tables 6-13, 6-14, and 
G-23, which present the performance characteristics for a risk assessment and lead hazard screen, 
calculated under the Interim Guidance and Proposed Rule standards, respectively, when XRF 
measurements were taken from surfaces with greater than 5% deteriorated paint and different 
window components were sampled. 

As shown in Table 6-13, under the Interim Guidance standards, a risk assessment attains a 
sensitivity of 91.7% and an NPV of 87.5%. A lead hazard screen 1) sampling window wells 
attained a sensitivity of 87.5% and an NPV of 83.3%, 2) sampling window sills attained a 
sensitivity of 83.3% and an NPV of 89.2%, and 3) sampling window sills and window wells a 
sensitivity of 91.7% and an NPV of 89.5%. Under the Proposed Rule, as shown in Table 6-14, 
the risk assessment attains a sensitivity of 91.7% and an NPV of 92.6%. The lead hazard screen 
based on window sills had a sensitivity of 91.7% and an NPV of 91.7% and, based on no window 
samples, had a sensitivity of 83.3% and an NPV of 89.2%. 

Table G-23 in Appendix G compares the performance characteristics for a lead hazard 
screen performed under the Interm Guidance sampling window wells to a lead hazard screen 


performed under the Proposed Rules sampling window sills. 


6.1.2.4 Comparison of the Performance Characteristics under the Interim Guidance 
Standards and the Proposed Rule Standards 


Differences between the Proposed Rule and the Interim Guidance were described in detail 
in Section 1.0. Changes in the performance characteristics will be driven by four primary | 


factors: 


1. Lower dust standards associated with the Proposed Rule 
Lower soil standards associated with the Proposed Rule 


Exclusion of window well sampling in the Proposed Rule 


— oe 


The use of the arithmetic mean in the Proposed Rule to characterize dust and soil 
lead levels. 


Each of these can have a different and sometimes conflicting effect. For example, lower soil 


standards under the Proposed Rule would increase the proportion of homes found to have lead- 
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based paint hazards, while use of the arithmetic mean under the Proposed Rule may decrease the 
proportion of homes found to have lead-based paint hazards. 

The purpose of this analysis is to both assess how all changes in the Proposed Rule act 
jointly to affect performance characteristics, as well as to discuss the expected effect of the 
individual changes. 

As discussed above, fewer homes were found to have lead-based paint hazards when the 
Proposed Standards were used rather than the Interim Guidance. Sensitivity and NPV remained 
high, and specificity and PPV increased with the use of the Proposed Rule. Therefore, overall, 

_ the Proposed Rule appears to offer an improvement over the Interim Guidance by maintaining 
the probability of correctly finding lead-based paint hazards in a home while reducing the 


probability of incorrectly finding lead-based paint hazards in a home. 


Lower Dust-Lead and Soil-Lead Standards 

To assess the effect that lower dust and soil standards have on performance 
characteristics, consider Table 6-15, which shows the performance characteristics when the 
arithmetic mean and maximum value are used to characterize the soil-lead concentrations and the 
floor-dust and window sill dust-lead loadings under the Interim Guidance and Proposed Rule 
standards. The details of the performance characteristics are provided in Tables G-20 and G-21 
for the Interim Guidance and Proposed Rule standards, respectively. 

Table 6-15 shows that, for the Rochester Study data, more homes were shown to have 
lead-based paint hazards with the lower standards; but sensitivity and NPV increased, while 
specificity decreased. In the first two columns, the arithmetic mean is used to characterize the 
floor dust, window sill dust, and soil lead levels. Under the Proposed Rule, 52.7% percent of the 
homes were shown to have lead-based paint hazards, with 32.1% a result of window sills and 
27.6% a result of the soil standards. The sensitivity and NPV are high at 87.5% and 94.3%, 
respectively. Under the Interim Guidance, 29.5% of the homes were shown to have lead-based 
paint hazards, with 22.3% of the homes as a result of window sills and only 7.6% of the homes 
for a result of soil. The sensitivity and NPV of 45.8% and 83.5%, respectively, are lower than 
for the Proposed Rule. Similar results are observed when the maximum value is used to 


characterize the floor, window sill, and soil lead levels under the two sets of standards. 
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Table 6-15. Summary of the Assessment of Lowered Soil and Dust Standards Associated 
with the Proposed Rule Relative to the Interim Guidance. | 


Lead in Dust Characterized by || Lead in Dust Characterized by 
the Arithmetic Mean the Maximum Value | 
Guidance Proposed Rule Guidance Proposed Rule 
Hazards Were Found 


29.5% 52.7% 
| (# Homes Below Standards / # Homes) 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


All Floors 3.6% 8.0% 


Carpeted Floors Only 1.0% 3.9% 
2.8% 55% 
Window Sill 22.3% 32.1% 27.7% 


Window Well NA NA 


Soil (Average of average dripline 7.6% | 27.6% 7.6% 27.6% 
and average play area) ! | 
Dripline Soil Only | 7.7% A 7.7% 

.0% A .0% 

A 












# Homes Included in Analysis 


of Homes in Which Lead-Based 36.6% 


Paint 





67.0% 









19.6% 
4.9% 
16.5% 
49.1% 


Uncarpeted Floors Only 


pra 
> 


= 
> 


= 


Play Area Soil Only 
Paint 
Performance Characteristics 


5.8% 
[__Seecicty————*dYC8OK a 
53.9% 34.1% 
83.5% 85.9% 


a 
> 





87.5% 
38.6% 
28.0% 
91.9% 


5% 3% | 


WA 
00% | __NA__|| 0 
NA__| NA] _NA 
C_a7s% se 


Notes: 1. Floor and window sill samples were collected as dust wipes. Window well samples are not 
included in the Proposed Rule sampling scheme. All available dust samples (wipe) taken in the 
bedroom, play area, entryway, and kitchen were included in the analysis. Three core soil samples 
were taken on each side of the house (in general there were 12 core samples) and combined for a 
composite sample. | 

2. NA indicates that these samples were not included in the analysis. , 
3. See Tables G-20 and G-21 in Appendix G for the details behind the calculations of the 
percentages. 


Exclusion of Window Well Sampling 

The Proposed Rule does not include a standard for lead in window well dust. To 
understand the impact that not sampling dust from window wells may have on the outcome of a 
risk assessment, Table 6-16 presents performance characteristics for 1) the Interim Guidance 
standards including only floor, window sill, and window well dust-lead and soil-lead samples 


and 2) the Proposed Rule standards including only floor and window sill 
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Table 6-16. Summary of the Assessment of the Exclusion of Window Well Sampling 
Under the Proposed Rule Relative to the Interim Guidance. 


Lead in Dust Characterized by Lead in Dust Characterized by 
| the Arithmetic Mean | the Maximum Value | 
Interim | proposed Rule || _!nterim Proposed Hula’ 
Guidance pos Guidance dos | 
| Hazards Were Found 


77.7% 52.7% 83.9% | 67.0% | 
(# Homes Below Standards / # Homes) | 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 






| # Homes Included in Analysis 


| % of Homes in Which Lead-Based Paint 






| Carpeted Floors Only | | 3.9% | 4.9% | 
[5.5% | 16.5% 
|__ Window sit | 27.7% | 49.1% 
| 7 and average play area) | | | - : | 
|____—Dripline Soil Only 7.7% | 7.7% | NA | 
[0.0% | Na || 0.0% | NA 
|___ Paint (25% deteriorated) |] = NA [| NA} NAT NA 


|| Performance Characteristics 


Soil (Average of average dripline 
























[sensitivity SSSC~*idz‘Ci SSC ome 
[Positive Predictive Vato —~iY 23.0% | 25.6% | 23.4% | 28.0% 
|___Negative Predictive Value |, — 84.0% | 94.3% || 88.9% | 91.9% | 


Notes: 1. Floor, window sill, and window well samples were collected as dust wipes. Window well samples 
are not included in the Proposed Rule sampling scheme. All available dust samples (wipe) taken in 
the bedroom, play area, entryway, and kitchen were included in the analysis. Three core soil 
samples were taken on each side of the house (in general there were 12 core samples) and 
combined for a composite sample. 

2. NA indicates that these samples were not included in the analysis. 
3. See Tables G-21 and G-22 in Appendix G for the details behind the calculation of the percentages. 


dust-lead and soil-lead samples. The details of the performance characteristics are presented in 
Tables G-21 and G-22 for the Proposed Rule and Interim Guidance standards, respectively. 

Comparing Table 6-15 to 6-16 shows that when the window well samples were included 
in the testing, more homes were found to have lead-based paint hazards under the Interim 


Guidance, even though the standards were lowered in the Proposed Rule. When either the 
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arithmetic mean or maximum value are used to characterize the dust levels, the window well 
samples drive the conclusion that a home has lead-based paint hazards. For example, when the 
maximum value is used to characterize the dust samples, 83.9% of the homes are found to have 
lead-based paint hazards under the Interim Guidance, with 83% of the homes a result of window 
wells. While more homes are found to have lead-based paint hazards under the Interim 
Guidance, the Proposed Rule has higher sensitivity and NPV when using the arithmetic mean 
and higher NPV when using the maximum value (Table 6-16). This indicates that, when using 
the Rochester study data and with the lower standards in the Proposed Rule, the removal of the 
window well samples from the assessment does not affect the ability of the assessment to detect 
health hazards. The inclusion of the window wells appears to unnecessarily conclude that homes 
have lead-based paint hazards. | 

The exclusion of the window well dust samples impacts the outcome of the lead hazard 
screen. The Section 402 protocols recommend that dust samples be collected from floors and 
window wells during a lead hazard screen. Under the Proposed Rule, dust samples may be taken 
only from the floor during a lead hazard screen. As shown in Table 6-14, the lead hazard screen 


is not as discriminating when based only on floor dust and paint samples. _ 


Use of the Arithmetic Mean to Characterize Dust-Lead Loadings and Soil-Lead 
Concentrations | 


The Interim Guidance recommends that the maximum of the floor dust, window sill dust, 
window well dust, and soil sample results be compared to the respective standards. If any one 
sani result is greater than the standard, the home is found to have lead-based paint hazards. 
The Proposed Rule recommends that the arithmetic mean of the floor dust, window sill dust, and 
soil sample results be compared to the respective revised standards. If the arithmetic average of 
any one medium/component is greater than its respective standard, the home is found to have 
lead-based paint hazards. To understand the effect these summary methods may have, consider 
Table 6-15 again. 

As discussed earlier, for both sets of standards, fewer homes are found to have lead-based 


paint hazards when the arithmetic mean is used to characterize the dust levels than when the 
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maximum value is used. Under the Interim Guidance standards, the sensitivity, PPV, and NPV 
are higher for the maximum value than for the arithmetic mean. Under the Proposed Rule, the 
specificity, PPV, and NPV are higher using the arithmetic mean; and the sensitivity is the same 
regardless of the summary method. Therefore, under the Proposed Rule standards, the arithmetic 
mean provides better performance characteristics than the maximum value. 

Table 6-17 presents an overall summary of the performance characteristics calculated for 
a full risk assessment performed under the Interim Guidance and Proposed Rule. The details of 
the table were provided in Tables 6-10 and 6-11. Overall, Table 6-17 shows that, under the 
Proposed Rule, the combination of the arithmetic mean, lower media standards, and the removal 
of the window wells from the sampling protocol results in an assessment that fails fewer homes 


unnecessarily, yet maintains the ability to identify health hazards. 


6.1.2.5 Estimated Costs of Performing a Risk Assessment and a Lead Hazard Screen 


Using the risk assessment and lead hazard screen cost estimates discussed earlier, 
estimated costs of risk assessments and lead hazard screens under Protocol A and Protocol C are 
presented below. Note that Protocol B assesses the effect of different dust summary measures on 
the outcome of a risk assessment. The number of samples taken are the same as in Protocol A-1. 
Therefore, the estimated cost for Protocol B is the same as the estimated cost for A-1. 

Protocol A assessed the effect of sampling dust from additional rooms on the outcome of 
a risk assessment. Table 6-18 presents the estimated cost of the risk assessment when the 
number of rooms in which dust samples are obtained increases from 2 to 4 (i.e., number of dust 
samples increases from 6 to 8). a | | | 

If a basic fee were charged for the risk assessment, the estimated costs of the assessments 
varied slightly depending on the number of rooms (i.e., number of dust samples) in which 
samples are obtained. The basic fee estimations ranged from $547.50 for a risk assessment that 
had 6 dust samples taken to $584.11 when up to 9 dust samples were taken. If separate fees were 
charged for the visual assessment, environmental sampling, and risk assessment report, the 
estimated cost of the assessment remained the same no matter how many rooms were sampled 


for dust (i.e., dust samples taken). 
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Table 6-17. Summary of the Comparison of the Interim Guidance Results and Proposed 
Rule Results for a Full Risk Assessment. | 


# Homes Included in Analysis 





nterim Guidance’ 


| Proposed Rule” | 


2 : 






1 


mand 





75.9% 






85.7% 





% of Homes in Which Lead-Based Paint Hazards 
Were Found 
(# Homes Below Standards l# Homes) 





% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards/ # Homes in Which Samples Were Collected) 


8.9% 
2.9% 


7.3% 


Carpeted Floors Only 3.9% 
Uncarpeted Floors Only 5.5% 
| Window Sill 27.7% 


32.1% 


Window Well 


Soil (Average of average dripline and 7.6% 27.6% 


average play area) | 


Dripline Soil Only 7.7% 


NA 


NA 


Play Area Soil Only 0.0% 


Paint (>5% deteriorated) | 77.3% 


77.3% 










Sensitivity 91.7% 91.7% 


Performance Characteristics 
| i 28.4% 


25.9% 


92.6% 


* The maximum value of the floor, window sill, and window well dust and soil samples were compared to 
the respective standard. 
The arithmetic mean of the floor, window sill, and window well dust and soil samples were compared to 


the respective standard. 


Notes: 1. Floor, window sill, and window well samples were collected as dust wipes. Window well samples 
are not included in the Proposed Rule sampling scheme. All available dust samples (wipe) taken in 
the bedroom, play area, entryway, and kitchen were included in the analysis. Three core soil 
samples were taken on each side of the house (in general there were 12 core samples) and 
combined for a composite sample. Three XRF paint-lead measurements were taken from various 
surfaces, and the three measurements for each surface were averaged. | 

2. NA indicates that these samples were not included in the analysis. 


3. See Tables 6-10 and 6-11 for the details behind the calculations of the percentages. 
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Table 6-18. Sampling Protocol A: Comparison of the Estimated Costs of a Full Risk 
Assessment when Dust Samples are Taken in Two, Three, and Four Rooms. 











| A-1(4 Rooms) | A-2(3Rooms) | A-3 (2 Rooms) 
Number of Individual Samples perHome | 89 | 7] 









Estimated Cost of Activity 


$584.11 | $561.50 || —*$ 547.50 
$814.00 $814.00 $814.00 _ 


Notes: 1. Floor, window sill, and window well samples were collected as dust wipes; soil was collected as a 
core sample; and XRF measurements were taken for paint. 
2. See Table 5-2 for definitions of sampling protocols A-1, A-2, and A-3. 





One of the advantages of the lead hazard screen is the reduction in the number of 
samples, which implies a cost savings for the assessment. Table 6-19 presents the estimated cost 
for a full risk assessment and lead hazard screen when a basic fee is charged for the assessment 


and separate fees are charged the different components of the assessment/screening. 


Table 6-19. Sampling Protocol C: Comparison of the Estimated Cost of a Full Risk 
Assessment Outcome to the Cost of a Lead Hazard Screen Outcome. 


| | Sampling Protocol Group C | | 
a C-1 C-2 | 
(Risk Assessment) (Lead Hazard Screen) | 


Estimated Costs of Activity . .§ 2.4 


| Separate Fee | | $814.00 | , $575.25 


Notes: 1. Floor, window sill, and window well samples were collected as dust wipes; soil was collected as a 
core sample; and XRF measurements were taken for paint. | 
2. See Table 5-4 for definitions of sampling protocols C-1 and C-2. 













As expected, the estimated costs of a lead hazard screen were less than for a risk 
assessment. Under Protocol C, when a basic fee was charged, the lead hazard screen cost 
$126.00, while a risk assessment cost $547.50. If separate fees were charged for the visual 
assessment, the environmental sampling, and the report, the lead hazard screen was estimated to 


cost $575.25 and the risk assessment to cost $814.00. 
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6.2 OBJECTIVE 2: ABILITY OF ESTIMATORS AND SAMPLING PROTOCOLS TO 
DETERMINE TRUE AVERAGE LEAD LEVELS 


The ability of three statistics — geometric mean, arithmetic mean, and maximum value — 








to estimate the unobservable, “true” average dust and soil levels in a single home was assessed in 
this analysis. 

As discussed in Section 5.2, the Rochester Lead-In-Dust Study data, the Rhode Island 
Department of Health data, and the CAP Study data were used to calculate the variance 
components needed to calculate the geometric mean, arithmetic mean, and maximum value error 
probabilities. Section 4 and Section 5.2 provide details on the data, as well as the variance 
- component and error probability calculations. oe 


Presented below are 


1. A discussion of the within-house variance components 


2. A comparison of the geometric mean, arithmetic mean, and maximum value error 
probabilities for a risk assessment, a “compound” lead hazard screen, and a “simple” 
lead hazard screen | 


3. A discussion of the effect of the number of samples collected for floor dust, window 
sill dust, window well dust, and soil on the error probabilities ” 


4. A discussion of the effect the different media/component standards, Interim 
Guidance and Proposed Rule, have on error probabilities. 


6.2.1 Within-House Variance Components 

Three sets of data were used to calculate within-house variance components needed for 
the error probability calculations. The Rochester study data were used to calculate within-house 
components of variation for floor, window sill, and window well dust-wipe results; the CAP 
Study data were used to calculate the within-house component of variation for soil results; and 
the Rhode Island Department of Health data were used to calculate within-house components of 
variation for all media/components. Table 6-20 presents the estimated within-house components 
of variations for each set of data, media, and component. The components of variation were 
calculated using log-transformed dust-lead loadings and soil-lead concentrations. Because some 
of the estimates were calculated in previous EPA work, the source from which the estimates were 


extracted is also provided. 
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Table 6-20. Estimated Within-House Components of Variation’ for Each Data Source, 
Medium, and Component. 


| Dust Component/ Within-House 
Data Source | | Soil Location Variance (0,7) _| Component Value : 
0.848 | 
pihatiaideal ee Window Sil 1.304 
Study | 7 
_ Window Well 3.273 


; 0.602 
CAP Study Soil ; — 
0.239 


Rhode Island Floor 0.708 






























Draft Final EPA report, | 
“Components of Variation of 

Lead in Household Dust, 
Soil, and Paint”[18] 



























a of sone! yore model analysis 
Health Window Well 1.758 (Section 5.2) 


Data . 
Soil Side of House/ 1.034 
Foundations 
' The components of variation were calculated with log-transformed dust-lead loadings and soil-lead 
concentrations 





Table 6-20 shows that the floor and window sill dust within-house variances are similar 
across the Rochester study and Rhode Island Department of Health data, while the Rochester 
study window well variance component is nearly double the Rhode Island data window well 
variance component. The combined side of house/foundation soil component of variation for the 
Rhode Island data soil is larger than either the foundation or boundary soil variation seen for the | 


CAP Study data. 


6.2.2 Effect of the Use of the Geometric Mean, Arithmetic Mean, and Maximum Value on 
the Error Probabilities 


Two sets of analyses were conducted to evaluate the effect of the different estimators on 
determining a lead hazard as characterized by the error probabilities. The first set of analyses 
assesses the effect of the estimators when a risk assessment and “compound” lead hazard screen 
are conducted, while the second set evaluates the effect when a “simple” lead hazard screen is 
conducted. The definitions of “simple” and “compound” lead hazard screens are provided in 


Section 5.2. 
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6.2.2.1 Risk Assessment and “Compound” Lead Hazard Screen 


Using the within-house variabilities listed in Table 6-20 and the calculations discussed in 
Section 5.2, the error probabilities for performing a risk assessment and a “compound” lead 
hazard screen, when each media/component is evaluated separately, were calculated for the | 
geometric mean, arithmetic mean, and maximum value and when 2, 3, or 4 samples were 
collected for floor dust, window sill dust, window well dust, and soil. Figures 6-6 and 6-7 
present the results for dust and soil, respectively, when the error probabilities were calculated 
under the Interim Guidance standards and the within-house variation from the Rochester Study 
and CAP Study data were used. Figures 6-8 and 6-9 present the same results when using the 
within-house variation from the Rhode Island Department of Health data. Tables 6-21 through 
6-24 present the actual Type I (false positive) and Type II (false negative) error probabilities for | 
the floor dust, window sill dust, window well dust, and seit respectively, when 2, 3, and 4 
samples are collected; the assumed “true” house media/component lead levels are assumed to be 
one-half the Interim Guidance standard, at the standard, and double the standard; and the 
Rochester study and CAP Study variances are used. Tables H-1 through H-4 present similar 
results when the Rhode Island Department of Health data are used to calculate the within-house 
variance components. | 

In Figure 6-6 through 6-9, the solid vertical line in each graph represents the media 
standard for which passage or failure of the home is determined. For instance, under the Interim 
Guidance and a risk assessment, the dust standards are 100 yg/ft? for floors, 500 pg/ft? for 
window sills, and 800 ug/ft? for window wells. For a lead hazard screen under the Interim 
Guidance, the dust standards are 50 pg/ft? for floors, 250 pg/ft? for window sills, and 400 pg/fi? 
for window wells (1.e., half the standards used for the risk assessment). To the left of the solid 
vertical line are the Type I (false positive) error probabilities (i.e., incorrectly concluding that 
lead-based paint hazards exist) and to the right are the Type II (false negative) error probabilities 
(i.e., incorrectly concluding that no lead-based paint hazards exist). The x-axis is the assumed 
“true” house average lead level for a given medium and component, and the y-axis is the error 


probability. 
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Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard ss Using Floors Dust Lead Hazard Screen Standard 
(Two Samples) 


Estimators: Geometric Mean 
~~-- Arithmetic Mean 
Maxim 


Error Probability 


Error Probability 


60 100 120 140 160 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


60 100 120 140 160 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk ow Standard Using Window Sills ee Lead sah Screen Standard 
Two Samples 


Estimators: ———~ Geometric Mean 
~-~-> Arithmetic Mean 
Maximum 


Error Probability 


3 
a 
: 
‘ 
: 


300 400 500 600 700 800 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 


300 400 500 600 700 
True House Geometric Mean Dust Lead Loading (ug/it2) on Window Sills 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Window Wells Dust Risk Assessment Standard Using Window Wells Dust Lead are Screen Standard 
(Two Samples 


Estimators: ~———~ Geometric Mean 
~~-~- Jrithmetic Mean 


Error Probability 
Error Probability 


400 600 600 1000 1200 1400 600 800 1000 1200 1400 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Wells , True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Wells 





Figure 6-6. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities for 


Two Floor, Window Sill, and Window Well Dust Samples Using the Interim 


Guidance Standards - Variance Components from the Rochester Lead-In-Dust 
Study Homes. | 
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Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Soil Standard, 5000 ppm Using Soil Standard, 5000 ppm 
(Two Foundation Soil Samples) (Two Boundaries Soil Samples) 


Error Probability 
Error Probability 


2000 3000 4000 §000 6000 7000 8000 ia 3000 4000 §000 6000 7000 8000 9000 10000 
House Geometric Mean Soil Lead Concentration (ppm) on Foundation House Geometric Mean Soil Lead Concentration (ppm) on Boundaries 





Error Probability over a Range of True Conditions 
Using Soil Standard, 5000 ppm 
(Three Foundation Soil Samples) 


Error Probability over a Range of True Conditions 
Using Soil Standard, 5000 ppm 
(Three Boundaries Soil Samples) 


Error Probability 
Error Probability 


3000 4000 5000 6000 7000 
House Geometric Mean Soil Lead Concentration (ppm) on Foundation 


3000 4000 §000 6000 7000 6000 9000 10000 
House Geometric Mean Soil Lead Concentration (ppm) on Boundariss 


Error Probability over a Range of True Conditions 
Using Soil Standard, 5000 ppm 
(Four Foundation Soil Samples) 


Error Probability over a Range of True Conditions 
Using Soil Standard, 5000 ppm 
(Four Boundaries Soil Samples) 


Error Probability 
Error Probability 


1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 
House Geometric Mean Soil Lead Concentration (ppm) on Foundation 


4000 5000 6000" 7000 8000 9000 10000 
House Geometric Mean Soil Lead Concentration (ppm) on Boundaries 





Figure 6-7. Comparison of Risk Assessment Geometric Mean, Arithmetic Mean, and 
Maximum Value Error Probabilities for Two, Three, and Four Soil Samples 
Using the Interim Guidance Standards — Variance Components from the 
Foundation of the Home and Boundary of the Property in the CAP Study Data. 
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Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assesement Standard Using Floors Dust Lead Hazard Screen Standard 
(Two Samples) (Two Samples) 


Estimators: Geometric Mean Estimators: Geomstric Mean 
~--- Arithmetic Mean -~-~- Arithmetic Mean 


Error Probability 
Error Probability 
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Figure 6-8. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities for 
Two Floor, Window Sill, and Window Well Dust Samples Using the Interim 
Guidance Standards — Variance Components from the Rhode Island 
Department of Health Homes. 
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Error Probability over a Range of True Conditions 
Using Soil Standard, 5000 ppm 
(Two Foundation Soil Samples) 


Error Probability 
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Error Probability over a Range of True Conditions 
Using Soil Standard, 5000 ppm 
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Figure 6-9. Comparison of Risk Assessment Geometric Mean, Arithmetic Mean, and 


Maximum Value Error Probabilities for Two, Three, and Four Soil Samples 
Collected from Side of the House/Foundation for Homes Using the Interim 


Guidance Standards — Variance Components from the Rhode Island 
Department of Health Data. 
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Table 6-21. Comparison of Risk Assessment and “Compound” Lead Hazard Screen Error 
Probabilities for Each Statistic Over a Range of Assumed “True” House Lead 
Levels For Two, Three, and Four Floor Dust Samples Using the Interim 
Guidance Standards’ — Variance Components from the Rochester Study Data. 
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The floor dust wipe standard at which a home is found to have lead-based paint hazards was assumed to be 
100 ywg/ft? for the risk assessment and 50 yg/ft? for the lead hazard screen. 
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Table 6-22. Comparison of Risk Assessment Error Probabilities for Each Statistic Over a 
Range of Assumed “True” House Lead Levels For Two, Three, and Four 
Window Sill Dust Samples Using the Interim Guidance Standards’ — Variance 
Components from the Rochester Study Data. 


| Error Probability of the Statistic 
Type | (False Positive) Error ee ll (False Negative) Error 





















Assumed | 







“True” House 
Number Window Sill 
Samples (uq/ft?) Mean Mean Value Mean Mean Value 
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Assessment 


' The window sill dust wipe standard at which a home is found to have lead-based paint hazards was 
assumed to be 500 ywg/ft? for the risk assessment. | 
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Table 6-23. Comparison of Risk Assessment and “Compound” Lead Hazard Screen Error 
Probabilities for Each Statistic Over a Range of Assumed “True” House Lead 
Levels For Two, Three, and Four Window Well Dust Samples Using the 





Interim Guidance Standards’! —- Variance Components from the Rochester 
Study Data. 
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The window well dust wipe standard at which a home is found to have lead-based paint hazards was 
assumed to be 800 yg/ft? for the risk assessment and 400 yg/ft? for the lead hazard screen. 
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Table 6-24. Comparison of Boundary and Foundation Two, Three, and Four Soil Sample 
Error Probabilities for Each Statistic Over a Range of Assumed “True” House 


Lead Levels Using the Interim Guidance Standards' — Variance Components 
from the CAP Study Data. 
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The soil standard at which a home is found to —— paint hazards was assumed to be 
5,000 ppm. 


As the assumed “true” average lead level moves further from the standard of comparison, 
the Type I (false positive) and Type II (false negative) error probabilities, for all three statistics, 
approach zero. The geometric mean always produces the lowest Type I (false positive) error 
probabilities, while the maximum value produces the highest Type I (false positive) error 


probabilities. The reverse is true for Type II (false negative) errors. The error probabilities for 


the arithmetic mean always lie somewhere between that for the maximum value and the 
geometric mean. These observations hold true for all media/components. 
Tables 6-21 through 6-24 and H-1 through H-4, in combination with Figures 6-6 mncuen 


6-9, show the following results: 


1. Type I (false positive) error rates were very high when using the maximum value. 


For example, as shown in Tables 6-24 and H-2, for both the Rochester and Rhode 
Island variance components, when four window sill samples were used in the error 
probability calculations the maximum value errors remained above 0.500. This was 
true for floors and window wells even when the “true” media lead loading was 
assumed to be half the standard. Similar observations were made when four soil 
samples were taken at the foundation of the home (see Tables 6-24 and H-4) 


2. Both Type I (false positive) aa Type II (false negative) error rates were high (usually 
over 0.250) for all three statistics when the “true” media lead level was within 20% of 


the standard. This is true for both the Rochester and Rhode Island data. For instance, 
as shown in Figure 6-6, when two floor samples from a risk assessment were used in 
_ the error probability calculations and the assumed “true” average floor dust-lead 
loading was assumed to be 80 p1g/ft?, the geometric mean, arithmetic mean, and 
maximum value Type I (false positive) error rates were 0. 33, 0.42, and 0.65, 
respectively. This implies that there is a very large “gray” area around the standard 
with a high probability of a “wrong” ’ decision. 


Which estimator is best may depend on which type of error is more “acceptable.” If the 
maximum value is used under the Interim Guidance, then more homes will be found to have 
lead-based paint hazards when the true house lead level is actually below the standard, but fewer 
homes will be found to have no lead-based paint hazards when in fact the true lead level is above 
or equal to the standard. On the other hand, if the geometric mean is used, then fewer homes will 
be found to have lead-based paint hazards when the true house lead level is below the standard, 
but more homes will be found to have no lead-based paint hazards when the true lead level is 
above or equal to the standard. If the extreme differences in the Type I (false positive) and 
Type II (false negative) errors seen with the peonicias mean and maximum value cause concern, 
a compromise may be the arithmetic mean. Note that the results presented are for the Interim 
Guidance. The effect of the lower standards in the Proposed Rule on the choice of estimator is 


discussed in Section 6.2.4. 
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6.2.2.2 “Simple” Lead Hazard Screen 
Only Type I (false positive) error probabilities for the three statistics were calculated for a 


“simple” lead hazard screen. As discussed in Section 5.2, these probabilities do not indicate 





whether a home was incorrectly found to have lead-based paint hazards based on the media 
standards, but whether a home was incorrectly found to have lead-based paint hazards based on a 
lead hazard screen. This precludes Type II (false negative) error probabilities being presented for 
the “simple” lead hazard screen. Figure 6-10 presents, for the Rochester data, graphs of the error 
probabilities for the three estimators when two floor and window well samples were collected, as 
calculated under the Interim Guidance standards, while Figures H-5 and H-6 present similar 
graphs when three and four dust samples are taken. Table 6-25 presents the actual probabilities 
included in the graph when two, three, and four floor dust and window well dust samples are 
taken. 

Since a risk assessor must perform a full risk assessment when a home is found to have 
lead-based paint hazards based on the lead hazard screen, the Type I (false positive) error 
probabilities give an indication of the percent of time a full risk assessment may have to be 
performed in addition to the lead hazard screening. For instance, in Table 6-25 consider when 
four floor dust samples are used in the error probability calculations and the assumed true house 
floor dust-lead loading is 30 pg/ft’, 1.e., below the hazard screen Interim Guidance cut-off of 50 
ug/ft?. The probability of neguccily finding lead-based paint hazards in a home is 0.134 for the 
geometric mean, 0.328 for the arithmetic mean, and 0.745 for the maximum value. That is, when 
the maximum value is used to characterize the floor dust-lead loadings in the home, 74.5% of the 
time the lead hazard screen will find lead-based paint hazards, forcing additional testing through 
a full risk assessment even though the true lead levels were below the standard. This high error 
rate for the maximum value has a high monetary value since two assessments will need to be 
performed when, in fact, the less costly lead hazard screen may have been appropriate in 
determining that no lead-based paint hazards exist in the home if another estimator had been used 
to characterize the lead levels in the home. As shown in Figures H-7 through H-9 and Table H-S, 


similar observations can be made for the Rhode Island data. 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 
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Figure 6-10. Comparison of “Simple” Lead Hazard Screen Geometric Mean, Arithmetic 
Mean, and Maximum Value Error Probabilities for Two Floor and Window Well 
Dust Samples Using the Interim Guidance Standards — Variance Components 
from the Rochester Lead-In-Dust Study Homes. 


97 


Table 6-25. “Simple” Lead Hazard Screen Error Probabilities for Each Statistic Over a 
Range of Assumed True House Lead Levels For Two, Three, and Four Floor 
and Window Well Dust Samples Using the Interim Guidance Standards’ — 
Variance Components From the Rochester Lead-In-Dust Study Data. 
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' The floor dust wipe standard at which a home is found to have lead-based paint hazards was assumed to 
be 50 yg/ft? and the window well dust wipe standard at which a home is found to have lead-based paint 
hazards was assumed to be 400 yg/ft?. 





Window Wells 


fe 
er aS 
ro) 010 
°o rom ton 


6.2.3 Effect of the Number of Media Samples Collected 

- As discussed in the performance characteristics analysis, the Section 402 protocols do not 
require a risk assessor to collect a specific number of samples. For example, the 
recommendation 1 in the HUD Guidelines is to collect between 6 and 8 floor, window sill, and 
window well dust samples. This analysis assesses the effect of collecting 2, 3, and 4 floor-dust, 
window sill-dust, window well-dust, and soil samples on the ability to identify a lead hazard. 

Table 6-26 presents a summary of the Type I (false positive) error probabilities as the 
number of samples increases, under the Interim Guidance standards using variance components 
_as estimated from the Rochester study data. 

- Table 6-26 illustrates that the level of protection iia risk assessment is dependent on the 
number of samples collected. For instance, when the true average window sill dust-lead loading 
is assumed to be 250 1g/ft? (i.e., half the standard), the Type I (false positive) error rates for the 
geometric mean are 0.195, 0.147, and 0.112 when 2, 3, and 4 rooms are sampled respectively. 
For the arithmetic mean, the rates are 0.304, 0.316, and 0.335 for 2, 3, and 4 rooms sampled; and 
the rates are 0.470, 0. 614, and 0.719 for the maximum value when 2, 3, and 4 rooms are sampled, 
respectively. These observations are similar for the “compound” lead hazard screen and for the 
Rhode Island Department of health data. Tables 6-21 through 6-25 and H-1 through H-4 present 
all the Type I (false positive) and Type II (false negative) error probabilities. 

In general, across all media and data sets, as the number of samples increases the Type I 
(false positive) probability of error for the maximum value increases. The arithmetic mean and 
geometric mean error probabilities are not as dependent on the number of samples collected and 
either increase or decrease as the number of samples increase. One notable exception to the 
geometric mean Type I (false positive) error probabilities occurs for the “compound” lead hazard 
screen. For both the floors and the window wells in the Rochester and Rhode Island data, the | 
error probabilities increase as the number of samples increase when the true house media lead 
loading is equal to the media standard. The Type II (false negative) error probabilities all 


decrease as the number of samples increases for all three statistics. 
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Table 6-26. Summary of the Type | (False Positive) Error Probabilities when Two, Three, 
and Four Floor, Window Sill, and Window Well Dust and Soil Samples are 
Collected for a Risk Assessment Under the Interim Guidance Standards — 
Variance Components From the Rochester Lead-In-Dust Study Data. 
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6.2.4 Effect of the Interim Guidance and Proposed Rule Standards on the Error | 
Probabilities | 


To assess the impact that the Proposed Rule reduced dust and soil standards have on the 
Type I (false positive) and Type II (false negative) error probabilities, consider Tables 6-27 and 
6-28, which present summaries of the Type I (false positive) and Type II (false negative) error 
probabilities for 2, 3, and 4 floor dust, window sill dust, and soil samples when the error 
probabilities are calculated under the Interim Guidance and Proposed Rule standards and the 
Rochester and CAP variance components are used. (The error probability results and graphs for 
the Proposed Rule standards, similar to those already presented for the Interim Guidance 
standards, can be found in Appendix I.) 

In general, lowering the standards as in the Proposed Rule may lower the probability of a 
wrong decision. For discussion of this point, ignore the fact that the Proposed Rule requires the 
arithmetic mean for floor dust, window sill dust, and soil samples, and compare the Type II (false 


negative) maximum value error probability shown in Table 6-28, when four samples are 
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Table 6-27. Summary of Type | (False Positive) Error Probabilities for Two, Three, and 
Four Floor Dust, Window Sill Dust, and Soil Samples Under the Interim 
Guidance and Proposed Rule Standards - Variance Components from the 
Rochester Lead-In-Dust Study Data and the CAP Study Data. 
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Table 6-28. Summary of Type II (False Negative) Error Probabilities for Two, Three, and 
Four Floor Dust, Window Sill Dust, and Soil Samples Under the Interim 
Guidance and Proposed Rule Standards — Variance Components from the 
Rochester Lead-In-Dust Study Data and the CAP Study Data. 


Arithmetic | Geometric | Maximum | Arithmetic 
Assessment Mean Value — Mean _Mean Value 

_o.073_| o1ee | 0.012 | 0.002 | 0.009 | <o.001 | 
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collected for floor dust during a risk assessment and the assumed “true” house floor dust lead 
loading is 150 yg/ft?. This comparison shows that, under the Interim Guidance, the maximum 
value error is 0.012, while the Proposed Rule error probability is <0.001. This illustrates a 
reduction in the chances of incorrectly concluding that a home has no lead-based paint hazards 
when it in fact does. Now consider the same risk assessment, but assume the true house floor 
dust lead loading is 25 pg/ft?. From Table 6-27, the Interim Guidance probability of incorrectly 
finding lead-based paint hazards in a home is 0.275, while the Proposed Rule Type I (false | 
positive) error probability is 0.641. This illustrates a large increase in the chances of incorrectly 
concluding that a home has lead-based paint hazards when the home does not. Therefore, the 
Proposed Rule standards, wher. using a maximum value, have decreased the chances of 
incorrectly concluding that no lead-based paint hazards exist, but have increased the chances of 
incorrectly concluding that lead-based paint hazards do exist. 

The Proposed Rule requires the arithmetic mean of the floor dust, window sill dust, and 
soil samples be compared to the Proposed Rule standards. To understand the implications of the 


change in the estimator as well as the decrease in the media standards, consider the same 
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scenarios described above. When four floor dust samples are collected for a risk assessment and 
the house floor dust-lead loading i is assumed to be 150 pg/ft?, the Interim Guidance Type II (false 
negative) error is still 0.012, but the Proposed Rule Type II (false negative) error probability 
using the arithmetic mean is 0.002. When a true house floor dust-lead loading is assumed to be 
25 yw g/ft?, the Type I (false positive) error probability is 0.275 for the Interim Guidance and 0.206 
for the Proposed Rule when the arithmetic mean is used. This comparison illustrates that the 
Proposed Rule showed slight decreases in the chances of incorrectly finding no lead-based paint | 
hazards in a home when it should have and moderate decreases in the chances of incorrectly 
finding lead-based paint hazards in a home when it should not have. The combination of 
lowering the standards and using the arithmetic mean as the characterization of floor dust lead, 
window sill dust lead, and soil lead in the home, as described in the Proposed Rule, seems to 


have improved the discrimination of the risk assessment. 


6.3 OBJECTIVE 3: SAMPLING LOCATIONS RISK ASSESSORS MAY WANT TO 


UBJEULTLTIVE 3. OCANIFLING bvvaAmnaYrteeeealall—eeeevew=esss rr ——e_e— 


TARGET TO EVALUATE POTENTIAL LEAD HAZARDS 

Section 402 does not require risk assessors to collect dust samples from specific rooms. 
The purpose of this analysis is to assess whether certain rooms may need to be sampled to best 
assess the dust lead hazard in the home. Two types of analyses were conducted using the — 
Rochester data: a correlation analysis and a pathways model analysis. The results from each are 


discussed below. The specifics of the analysis calculations were presented in Section 5.3. 


6.3.1 Correlation Analysis Results 

Pearson correlation coefficients were calculated between lo g transformed blood- (esd 
concentrations and log-transformed dust-lead loadings for the dust-wipe samples presented in | 
Table 5-4. These correlations are found in Table J-1 of Appendix J. This table shows that, at the 
0.05 level, the log-transformed blood-lead concentrations were significantly positively correlated 
with the log-transformed dust-lead loadings for all rooms and components except for living room 
floors and living room window sills. The significant correlations ranged from 0.20 for play area 
window wells to 0.33 for bedroom window sills. The reason for the lack of significant 
correlations between blood-lead concentrations and living room dust-lead loadings may be due to 


small sample size rather than lack of a linear relationship. Only 41 homes had floor dust wipe 
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samples taken in the living room, and only 31 homes had window sill dust samples taken in the 
living room. Due to the small sample size, dust-wipe data from living rooms were not included 
in the pathways analysis. 

The most statistically significant correlations among the log-transformed dust-lead 
loadings from different rooms and components occurred between the kitchen and play area 
window wells (r = 0.65), the interior entryway and kitchen floors (r = 0.52), and the play area and 
bedroom floors (r= 0.51). The correlations provided an indication of relationships that may be 


present and that were more closely examined in the pathways model analysis. 


6.3.2 Pathways Model Results | 

Figure 6-11 illustrates those pathways found to be statistically significant at the 0.05 level 
in this analysis, and Table J-2 in Appendix J provides the parameter estimates from the structural 
equation modeling analysis. Note that the natural log-transformed data were used to generate the 
parameter estimates in Table J-2, making interpretation of the parameter estimates difficult. The 
purpose of this analysis was not merely to obtain estimates of model parameters, but to indicate 
those rooms or components that may be most highly recommended for dust-wipe sampling 
during risk assessment activities. . | | 

The results shown in Figure 6-11 indicate that the play area floor dust was a direct 
pathway to blood. No other statistically significant pathways of lead exposure to the blood were 
observed in this analysis. The window well was directly related to the window sill dust in the 
play area, but neither were found to be pathways of lead to the floor dust in this room. The 
interior entryway dust and the bedroom window sill dust were direct pathways of lead exposure 
for the bedroom floor, while the bedroom window wells were an indirect pathway through the 
bedroom window sill. 

These results indicate that a risk assessor may want to consider taking dust-wipe samples 
in the child’s play area to obtain the best information on potential lead hazards available to the 
child. In, addition, in both the bedroom and the play area, the window wells were direct 
pathways of lead to the window sills. This indicates that sampling one or the other may provide 


the same information as sampling both. 
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Figure 6-11. Statistically Significant Pathways of Lead Exposure Using the 
Rochester Study Data. 
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7.0 DISCUSSION 

This section discusses how the performance characteristic and error probability results 
seen in Section 6 compare, how the pathways results in this report compare to results in the 
literature, and the impact of changing from Interim Guidance standards to the Proposed Rule 


standards. 


7.1 PERFORMANCE CHARACTERISTICS AND ERROR PROBABILITIES 

For Objectives 1 and 2, two types of analysis methods were used to examine how the 
different standards, sampling schemes, and statistics used to characterize the lead levels in a 
home affect the probability of correctly identifying a lead-based paint health hazard. The 
Objective 1 analysis used performance characteristics, while the Objective 2 analysis used error 
probabilities. Table 7-1 lists the probabilities calculated for the performance characteristic and 


the error probability analysis. 


Table 7-1. Probabilities Calculated for the Performance Characteristic and Error Probability 









Analysis. | 
| Performance Characteristics Error Probability 
Sensitivity: P(Y 2 S | Bz 10 pg/dL) Type | (False Positive) Error: P(Y2S|[u< SS) 











Specificity:  pY<s |B< 10yg/dL) | Type Il (False Negative) Error: P(Y < S| ype2S) 
PPV: PIB» 10 pg/dL | Y= S) | ee 


Note: Y = Calculated lead level in the home for component/media/statistic 
Standard for the component/media 

Child’s blood lead concentration 

Assumed “true” average lead level in the home for component/media 





grown 
touwow ot 


The performance characteristics measure the probability of identifying a health hazard 
available to a child through the lead found in the home, while the error probabilities assess the 


probability of correctly identifying lead hazards in the home. 
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7.2 PATHWAYS ANALYSIS 

The approach of the Objective 3 analysis, a pathways analyses using structural equation 
models, has been performed over the last several years to evaluate and understand the sources 
and routes by which children are exposed to lead. One example of such an analysis is in the EPA 
draft report titled, “Analysis of Pathways of Residential Lead Exposure in Children.” [25 ] This 
report by design aaseeces whether lead found in a child’s home environment directly or indirectly 
impacts the child’s blood lead concentration. Sources of lead that were assessed included floor 
dust, interior entryway dust, exterior entryway dust, window sill dust, window well dust, water, 
_ air ducts, and soil. The objectives of these types of analyses are quite different from those for the 
pathways analysis conducted in this report. | 

The purpose of the pathways analysis in this report was to assess which interior dust 
sampling locations a risk assessor may want to target to ensure the best evaluation of the 
potential lead hazard to a child. In this analysis, floor dust and window sill and window well 
dust wipe samples from various locations in the home including the kitchen, interior entryway, 
play area, and bedroom were assessed, while no other sources of lead were considered. 
Generally, dust sample results from the various rooms are averaged into one dust measurement 
for the home, according to type of component. The analysis for this report focused on how to 
incorporate sampling location into this measurement. 

_ The results of the pathways analysis using the Rochester study data indicated that the 
play area floor dust-lead is the only direct contributor to the child’s blood-lead concentration. 
The bedroom window well dust-lead was a direct contributor to the bedroom window sill dust-_ 
lead, which in turn contributed to the bedroom floor dust-lead. Similarly, the play area window 
well dust-lead contributed to the play area window sill dust-lead. An additional contributor to 
the bedroom floor dust-lead was the interior entryway floor dust-lead. These results may 
recommend that a risk assessor sample dust from the floor in a child’s play area to gain an 
understanding of the potential hazard to a child. This is consistent with the intent of the Interim 
Guidance, the HUD Guidelines, and the Proposed Rule. In addition, since window well dust- 
lead consistently contributes to the window sill dust-lead, a risk assessor may not need to sample 
from both places. The Proposed Rule seems to have addressed this issue, recommending that 
sampling occur at the window sill and not requiring the window well to be sampled in a risk 


assessment. 
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7.3. PROPOSED RULE COMPARED TO THE INTERIM GUIDANCE 

Overall, it appears that the Proposed Rule provides a better approach for performing risk 
assessments than the Inter1m Guidelines. The combination of the lower media hazard standards, 
the removal of requirements for sampling from the window well, and the change to an arithmetic 
mean estimator for characterizing the floor dust-lead, window sill dust-lead, and soil-lead seem 


to provide a more accurate reflection of the hazards available in homes. 
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Section 402 Guidance for Risk Analysis Procedures 


APPENDIX A 


- Section 402 Guidance for Risk Analysis Procedures 


The following are excerpts from the U.S. EPA Federal Register titled “Lead: 
Requirements for Lead-Based Paint Activities in Target Housing and Child-Occupied Facilities, 
Final Rule” and dated August 29, 1996. The information below are direct quotations from the 


document that are applicable to the work presented in this document. 


Section 745.227 Work practice standards for conducting lead-based paint activities: 
target housing and child-occupied facilities. 


(a) Effective date, applicability, and terms. 

(1) Beginning on March 1, 1999, all lead-based paint activities shall be performed 
pursuant to the work practice standards contained in this section. 

(2) When performing any lead-based paint activity described by the certified individual as 
an inspection, lead-hazard screen, risk assessment or abatement, a certified individual must 
perform that activity in compliance with the appropriate requirements below. 

(3) Documented methodologies that are appropriate for this section are found in the 
following: The U.S. Department of Housing and Urban Development (HUD) Guidelines for the 
Evaluation and Control of Lead-Based Paint Hazards in Housing; the EPA Guidance on 
~ Residential Lead-Based Paint, Lead-Contaminated Dust, and Lead-Contaminated Soil; the EPA 
Residential Sampling for Lead: Protocols for Dust and Soil Sampling (EPA report number 
7474-R-95-001); Regulations, guidance, methods or protocols issued by States and Indian Tribes 
that have been authorized by EPA; and other equivalent methods and guidelines. 

(4) Clearance levels are appropriate for the purposes of this section may be found in the 
EPA Guidance on Residential Lead-Based Paint, Lead-Contaminated Dust, and Lead 


Contaminated Soil or other equivalent guidelines. 
(b) Inspection. 
(1) An inspection shall be conducted only by a person certified by EPA as an inspector or 


risk assessor and, if conducted, must be conducted according to the procedures in this paragraph. 
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(2) When conducting an inspection, the following locations shall be selected according to 
documented methodologies and tested for the presence of lead-based paint: (1) In a residential 
dwelling and child-occupied facility, each component with a distinct painting history and each 
exterior component with a distinct painting history shall be tested for lead-based paint, except 
those components that the inspector or risk assessor determines to have been replaced after 1978, 
or to not contain lead-based paint; and (ii) In a multi-family dwelling or child-occupied facility, 
each component with a distinct painting history in every common area, except those components 
that the inspector or risk assessor determines to have been replaced after 1978, or to not contain 
lead-based paint. 

(3) Paint shall be sampled in the following manner: (i) The analysis of paint to determine 
the presence of lead shall be conducted using documented methodologies which incorporate — 
adequate quality control procedures; and/or (11) All collected paint chip samples shall be 
analyzed according to paragraph (f) of this section to determine if they contain detectable levels 
of lead that can be quantified numerically. 

(4) The certified inspector or risk assessor shall prepare an inspection report which shall 
include the following information: (1) Date of each inspection. (11) Address of building. (iti) 
Date of construction. (iv) Apartment numbers (if applicable). (v) Name, address, and telephone 
number of the owner or owners of each residential dwelling or child-occupied facility. (vi) 
Name, signature, and certification number of each certified inspector and/or risk assessor 
conducting testing. (vii) Name, address, and telephone number of the certified firm employing 
each inspector and/or risk assessor, if applicable. (vi11) Each testing method and device and/or 
sampling procedure employed for paint analysis, including quality control data and, if used, the 
serial number of any x-ray fluorescence (XRF) device. (ix) Specific locations of each painted 
component tested for the presence of lead-based paint. (x) The results of the inspection 


expressed in terms appropriate to the sampling method used. - 


(c) Lead hazard screen. 

(1) A lead hazard screen shall be conducted only by a person certified by EPA as a risk 
assessor. 

(2) If conducted, a lead hazard screen shall be conducted as follows: (i) Background 


information regarding the physical characteristics of the residential dwelling or child-occupied 
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facility and occupant use patterns that may cause lead-based paint exposure to one or more 
children age 6 years and under shall be collected. (ii) A visual inspection of the residential 
dwelling or child-occupied facility shall be conducted to: (A) Determine if any deteriorated paint 
is present, and (B) Locate at least two dust sampling locations. (iii) If deteriorated paint is 
present, each surface with deteriorated paint, which is determined, using documented 
methodologies, to be in poor condition and to have a distinct painting history, shall be tested for 
the presence of lead. (iv) In residential dwellings, two composite dust samples shall be collected, 
one from the floors and the other from the windows, in rooms, hallways or stairwells where one 
or more children, age 6 and under, are most likely to come in contact with dust. (v) In 
multi-family dwellings and child-occupied facilities, in addition to the floor and window samples 
required in paragraph (c)(1)(iii) of this section, the risk assessor shall also collect composite dust 
samples from common areas where one or more children, age 6 and under, are most likely to 
come into contact with dust. 

(3) Dust samples shall be collected and analyzed in the following manner: (1) All dust 
samples shall be taken using documented methodologies that incorporate adequate quality | 
control procedures. (ii) All collected dust samples shall be analyzed according to paragraph (f) 
of this section to determine if they contain detectable levels of lead that can be quantified 
numerically. 

(4) Paint shall be sampled in the following manner: (i) The analysis of paint to determine 
the presence of lead shall be conducted using documented methodologies which incorporate 
adequate quality control procedures; and/or (ii) All collected paint chip samples shall be 
analyzed according to paragraph (f) of this section to determine if they contain detectable levels 
of lead that can be quantified numerically. 

(5) The risk assessor shall prepare a lead hazard screen report, which shall include the 
following information: (i) The information required in a risk assessment report as specified in 
paragraph (d) of this section, including paragraphs (d)(11)(i) through (d)(11)(x1v), and excluding 
paragraphs (d)(11)(xv) through (d)(11)(xviii) of this section. Additionally, any background 
information collected pursuant to paragraph (c)(2)(i) of this section shall be included in the risk 
assessment report; and (ii) Recommendations, if warranted, for a follow-up risk assessment, and 


as appropriate, any further actions. 
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(d) Risk assessment. 

(1) A risk assessment shall be conducted only by a person certified by EPA as a nsk 
assessor and, if conducted, must be conducted according to the procedures in this paragraph. 

(2) A visual inspection for risk assessment of the residential dwelling or child-occupied 
facility shall be undertaken to locate the existence of deteriorated paint, assess the extent and 
causes of the deterioration, and other potential lead-based paint hazards. 

(3) Background information regarding the physical characteristics of the residential 
dwelling or child-occupied facility and occupant use patterns that may cause lead-based paint 
exposure to one or more children age 6 years and under shall be collected. 

(4) Each surface with deteriorated paint, which is determined, using documented 
methodologies, to be in poor condition and to have a distinct painting history, shall be tested for 
the presence of lead. Each other surface determined, using documented methodologies, to be a 
potential lead-based paint hazard and having a distinct painting history, shall also be tested for 
the presence of lead. 

(5) In residential dwellings, dust samples (either composite or single-surface samples) 
from the window and floor shall be collected in all living areas where one or more children, age 6 
and under, are most likely to come into contact with dust. 

(6) For multi-family dwellings and child-occupied facilities, the samples required in 
paragraph (d)(4) of this section shall be taken. In addition, window and floor dust samples 
(either composite or single- surface samples) shall be collected in the following locations: (i) 
Common areas adjacent to the sampled residential dwelling or child-occupied facility; and (ii) 
Other common areas in the building where the risk assessor determines that one or more 
children, age 6 and under, are likely to come into contact with dust. 

(7) For child-occupied facilities, window and floor dust samples (either composite or 
single-surface samples) shall be collected in each room, hallway or stairwell utilized by one or 
more children, age 6 and under, and in other common areas in the child-occupied facility where 
the risk assessor determines one or more children, age 6 and under, are likely to come into 
contact with dust. 

(8) Soil samples shall be collected and analyzed for lead concentrations in the following 
locations: (i) Exterior play areas where bare soil is present; and (ii) Dripline/foundation areas 


where bare soil is present. 
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(9) Any paint, dust, or soil sampling or testing shall be conducted using documented 


methodologies that incorporate adequate quality control procedures. — 


(10) Any collected paint chip, dust, or soil samples shall be analyzed according to 


paragraph (f) of this section to determine if they contain detectable levels of lead that can be 


quantified numerically. 


(11) The certified risk assessor shall prepare a risk assessment report which shall include 


the following information: 


(1) 
(il) 
(111) 
(iv) 
(v) 
(vi) 


(vii) 
(Vill) 
(ix) 
(x) 


(x1) 
(x11) 


(xil1) 


(xiv) 


(xv) 


(xvi) 


Date of assessment. 


Address of each building. 


Date of construction of buildings. 


Apartment number (if applicable). 


Name, address, and telephone number of each owner of each building. 


Name, signature, and certification of the certified risk assessor conducting the 
assessment. | 

Name, address, and telephone number of the certified firm — each — 
certified risk assessor if applicable. | | 

Name, address, and telephone number of each recognized laboratory conducting 
analysis of collected samples. | 

Results of the visual inspection. 

Testing method and sampling procedure for paint analysis employed. 

Specific locations of each painted component tested for the presence of lead. © 
All data collected from on-site testing, including quality control data and, if used, 
the serial number of any XRF device. | | 

All results of laboratory analysis on collected paint, soil, and dust samples. 

Any other sampling results. — | 

Any background information collected pursuant to paragraph ©) of this © 
section. _ 
To the extent that they are used as part of the lead-based paint hazard 
determination, the results of any previous inspections or analyses for the presence 


of lead-based paint, or other assessments of lead-based paint-related hazards. — 
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(xvii) A description of the location, type, and severity of identified lead-based 
paint hazards and any other potential lead hazards. 

(xviii) A description of interim controls and/or abatement options for each identified 
lead-based paint hazard and a suggested prioritization for addressing each hazard. 
If the use of an encapsulant or enclosure is recommended, the report shall 
recommend a maintenance and monitoring schedule for the encapsulant or 


enclosure. 


Section 745.223 Definitions. 

The definitions in subpart A apply to this subpart. In addition, the following definitions 
apply. 

Abatement means any measure or set of measures designed to permanently eliminate 
lead-based paint hazards. Abatement includes, but is not limited to: 

(1) The removal of lead-based paint and lead-contaminated dust, the permanent enclosure 
or encapsulation of lead-based paint, the replacement of lead-painted surfaces or fixtures, and the 
~~ removal or covering of lead-contaminated soil; and | 

(2) All preparation, cleanup, disposal, and post-abatement clearance testing activities 
associated with such measures. 

(3) Specifically, abatement includes, but is not limited to: (i) Projects for which there is a 
written contract or other documentation, which provides that an individual or firm will be 
conducting activities in or to a residential dwelling or child-occupied facility that: (A) Shall 
result in the permanent elimination of lead-based paint hazards; or (B) ae designed to 
permanently eliminate lead-based paint hazards and are described in paragraphs (1) and (2) of 
this definition. (ii) Projects resulting in the permanent elimination of lead-based paint hazards, 
conducted by firms or individuals certified in accordance with Section 745.226, unless such 
projects are covered by paragraph (4) of this definition; (iii) Projects resulting in the permanent 
elimination of lead-based paint hazards, conducted by firms or individuals who, through their 
company name or promotional literature, represent, adverse: or hold themselves out to be in the 
business of performing lead-based paint activities as identified and defined by this section, unless 


such projects are covered by paragraph (4) of this definition; or (iv) Projects resulting in the 
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permanent elimination of lead-based paint hazards, that are conducted in response to State or 
local abatement orders. 

(4) Abatement does not include renovation, remodeling, landscaping or other activities, 
when such activities are not designed to permanently eliminate lead-based paint hazards, but, 
instead, are designed to repair, restore, or remodel a given structure or dwelling, even though 
these activities may incidentally result in a reduction or elimination of lead-based paint hazards. 
Furthermore, abatement does not include interim controls, operations and maintenance activities, 
or other measures and activities designed to temporarily, but not permanently, reduce lead-based 
paint hazards. 

Accredited training program means a training program that has been accredited by EPA 
pursuant to Section 745.225 to provide training for individuals engaged in lead-based paint 
activities. 

Adequate quality control means a plan or design which ensures the authenticity, integrity, 
and accuracy of samples, including dust, soil, and paint chip or paint film samples. Adequate 
quality control also includes provisions for representative sampling. 

Certified firm means a company, partnership, corporation, sole proprietorship, 
~ association, or other business entity that performs lead-based paint activities to which EPA has 
issued a certificate of approval pursuant to Section 745.226(f). 

Certified inspector means an individual who has been trained by an accredited training 
program, as defined by this section, and certified by EPA pursuant to Section 745.226 to conduct 
inspections. A certified inspector also samples for the presence of lead in dust and soil for the 
purposes of abatement clearance testing. 

Certified abatement worker means an individual who has been trained by an accredited 
training program, as defined by this section, and certified by EPA pursuant to Section 745.226 to 
perform abatements. 

Certified project designer means an individual who has been trained by an accredited 
training program, as defined by this section, and certified by EPA pursuant to Section 745.226 to 
prepare abatement project designs, occupant protection plans, and abatement reports. 

Certified risk assessor means an individual who has been trained by an accredited 


training program, as defined by this section, and certified by EPA pursuant to Section 745.226 to 
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conduct risk assessments. A risk assessor also samples for the presence of lead in dust and soil 
for the purposes of abatement clearance testing. | 

Certified supervisor means an individual who has been trained by an accredited training 
program, as >-ined by this section, and certified by EPA pursuant to Section 745.226 to 
supervise and conduct abatements, and to prepare occupant protection plans and abatement 
reports. 

Child-occupied facility means a building, or portion of a building, constructed prior to 
1978, visited regularly by the same child, 6 years of age or under, on at least two different days 
within any week (Sunday through Saturday period), provided that each day's visit lasts at least 3 
hours and the combined weekly visit lasts at least 6 hours, and the combined annual visits last at 
least 60 hours. Child-occupied facilities may include, but are not limited to, day-care centers, 
preschools and kindergarten classrooms. 

Clearance levels are values that indicate the maximum amount of lead permitted in dust 
on a surface following completion of an abatement activity. 

Common area means a portion of a building that is generally accessible to all occupants. 
Such an area may include, but 1s not limited to, hallways, stairways, laundry and recreational 
rooms, playgrounds, community centers, garages, and boundary fences. 

Component or building component means specific design or structural elements or 
fixtures of a building, residential dwelling, or child-occupied facility that are distinguished from 
each other by form, function, and location. These include, but are not limited to, interior 
components such as: ceilings, crown molding, walls, chair rails, doors, door trim, floors, 
fireplaces, radiators and other heating units, shelves, shelf supports, stair treads, stair risers, stair 
stringers, newel posts, railing caps, balustrades, windows and trim (including sashes, window 
heads, jambs, sills or stools and troughs), built in cabinets, columns, beams, bathroom vanities, 
counter tops, and air conditioners; and exterior components such as: painted roofing, chimneys, 
flashing, gutters and downspouts, ceilings, soffits, fascias, rake boards, cornerboards, bulkheads, 
doors and door trim, fences, floors, joists, lattice work, railings and railing caps, siding, 
handrails, stair risers and treads, stair stringers, columns, balustrades, window sills or stools and 
troughs, casings, sashes and wells, and air conditioners. 

_ Containment means a process to protect workers and the environment by controlling 


exposures to the lead-contaminated dust and debris created during an abatement. 


A-9 


Course agenda means an outline of the key topics to be covered during a training course, 
including the time allotted to teach each topic. 

Course test means an evaluation of the overall effectiveness of the training which shall 
test the trainees' knowledge and retention of the topics covered during the course. 

Course test blue print means written documentation identifying the proportion of course 
test questions devoted to each major topic in the course curriculum. 

Deteriorated paint means paint that is cracking, flaking, chipping, peeling, or otherwise 
separating from the substrate of a building component. 

Discipline means one of the specific types or categories of lead-based paint activities 
identified in this subpart for which individuals may receive training from accredited programs 
and become certified by EPA. For example, “abatement worker’ is a discipline. Distinct 
painting history means the application history, as indicated by its visual appearance or a record of 
application, over time, of paint or other surface coatings to a component or room. Documented 
methodologies are methods or protocols used to sample for the presence of lead in paint, dust, 
and soil. | 

Elevated blood lead level (EBL) means an excessive absorption of lead that is a 
confirmed concentration of lead in whole blood of 20ug/dl (micrograms of lead per deciliter of 
whole blood) for a single venous test or of 15-19,g/dl in two consecutive tests taken 3 to 4 
months apart. 

Encapsulant means a substance that forms a barrier between lead-based paint and the 
environment using a liquid-applied coating (with or without reinforcement materials) or an 
adhesively bonded covering material. 

Encapsulation means the application of an encapsulant. 

Enclosure means the use of rigid, durable construction materials that are mechanically 
fastened to the substrate in order to act as a barrier between lead-based paint and the 
environment. | | 

Guest instructor means an individual designated by the training program manager or 
principal instructor to provide instruction specific to the lecture, hands-on activities, or work 


practice components of a course. 
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Hands-on skills assessment means an evaluation which tests the trainees' ability to 
satisfactorily perform the work practices and procedures identified in Section 745.225(d), as well 
as any other skill taught in a training course. 

Hazardous waste means any waste as defined in 40 CFR 261.3. 

Inspection means a surface-by-surface investigation to determine the presence of 
lead-based paint and the provision of a report explaining the results of the investigation. 

Interim certification means the status of an individual who has successfully completed 
the appropriate training course in a discipline from an accredited training program, as defined by 
this section, but has not yet received formal certification in that discipline from EPA pursuant to 
Section 745.226. Interim certifications expire 6 months after the completion of the training ~ 
course, and is equivalent to a certificate for the 6-month period. 

Interim controls means a set of measures designed to temporarily reduce human exposure 
or likely exposure to lead-based paint hazards, including specialized cleaning, repairs, 
maintenance, painting, temporary containment, ongoing monitoring of lead-based paint hazards | 
or potential hazards, and the establishment and operation of management and resident education 
programs. | 

Lead-based paint means paint or other surface coatings that contain lead equal to or in © 
excess of 1.0 milligrams per square centimeter or more than 0.5 percent by weight. 

Lead-based paint activities means, in the case of target housing and child-occupied 
facilities, inspection, risk assessment, and abatement, as defined in this subpart. — 

Lead-based paint hazard means any condition that causes exposure to lead from 
lead-contaminated dust, lead-contaminated soil, or lead-contaminated paint that is deteriorated or 
present in accessible surfaces, friction surfaces, or impact surfaces that would result in adverse 
human health effects as identified by the Administrator pursuant to TSCA section 403. 

Lead-contaminated dust means surface dust in residential dwellings, or child-occupied 
facilities that contains an area or mass concentration of lead at or in excess of levels identified by 
the Administrator pursuant to TSCA section 403. 

Lead-contaminated soil means bare soil on residential real property and on the property 
of a child-occupied facility that contains lead at or in excess of levels identified by the 


Administrator pursuant to TSCA section 403. 


Lead-hazard screen is a limited risk assessment activity that involves limited paint and 
dust sampling as described in Section 745.227(c). | 

Living area means any area of a residential dwelling used by one or more children age 6 — 
and under, including, but not limited to, living rooms, kitchen areas, dens, play rooms, and 
children's bedrooms. 

Multi-family dwelling means a structure that contains more than one separate residential 
dwelling unit, which is used or occupied, or intended to be used or occupied, in whole or in part, 
as the home or residence of one or more persons. 

Paint in poor condition means more than 10 square feet of deteriorated paint on exterior 
components with large surface areas; or more than 2 square feet of deteriorated paint on interior 
components with large surface areas (e.g., walls, ceilings, floors, doors); or more than 10 percent 
of the total surface area of the component is deteriorated on interior or exterior components with 
small surface areas (window sills, baseboards, soffits, trim). 

Permanently covered soil means soil which has been separated from human contact by 
the placement of a barrier consisting of solid, relatively impermeable materials, such as 
pavement or concrete. Grass, mulch, and other landscaping materials are not considered 
permanent covering. 

Person means any natural or judicial person including any individual, corporation, 
partnership, or association; any Indian Tribe, State, or political subdivision thereof; any interstate 
body; and any department, agency, or instrumentality of the Federal government. 

Principal instructor means the individual who has the primary responsibility for 
organizing and teaching a particular course. | | 

Recognized laboratory means an environmental laboratory recognized by EPA pursuant 
to TSCA section 405(b) as being capable of performing an analysis for lead compounds in paint, 
soil, and dust. | 

Reduction means measures designed to reduce or eliminate human exposure to lead-based 
paint hazards through methods including interim controls and abatement. | 

Residential dwelling means (1) a detached single family dwelling unit, including attached 
structures such as porches and stoops; or (2) a single family dwelling unit in a structure that 
contains more than one separate residential dwelling unit, which is used or occupied, or intended 


to be used or occupied, in whole or in part, as the home or residence of one or more persons. 
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Risk assessment means (1) an on-site investigation to determine the existence, nature, 
severity, and location of lead-based paint hazards, and (2) the provision of a report by the 
individual or the firm conducting the risk assessment, explaining the results of the investigation 
and options for reducing lead-based paint hazards. 

Target housing means any housing constructed prior to 1978, except housing for the 
elderly or persons with disabilities (unless any one or more children age 6 years or under resides 
or is expected to reside in such housing for the elderly or persons with disabilities) or any 
0-bedroom dwelling. 

Training curriculum means an established set of course topics for instruction in an 
accredited training program for a particular discipline designed to provide specialized knowledge 
and skills. 7 

Training hour means at least 50 minutes of actual learning, including, but not limited to, 
time devoted to lecture, learning activities, small group activities, demonstrations, evaluations, 
and/or hands-on experience. | | 

Training manager means the individual responsible for administering a training program 
and monitoring the performance of principal instructors and guest instructors. 

Visual inspection for clearance testing means the visual examination of a residential 
dwelling or a child-occupied facility following an abatement to determine whether or not the 
abatement has been successfully completed. 

Visual inspection for risk assessment means the visual examination of a residential 
dwelling or a child-occupied facility to determine the existence of deteriorated lead-based paint 


or other potential sources of lead-based paint hazards. 


IV. Relationship of Sections 402 and 404 to Section 403 of TSCA 

Under section 403 of TSCA, EPA is developing a rule that will identify conditions of 
lead-based paint, and lead levels and conditions in residential dust and soil that would result in a 
hazard to building occupants, especially children age 6 and under. In combination with the work 
practice standards contained in Section 745.227 of today's final rule, the Agency expects that the 
levels and conditions identified in the TSCA section 403 rule will provide clear direction on how 


to identify, prioritize and respond to hazards from lead in and around target housing. 
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Vil. Framework for Work Practice Standards for Conducting Lead-Based Paint Activities 
in Target Housing and Child-Occupied Facilities 
A. Introduction 
Section 745.227 establishes standards for conducting three lead-based paint activities: — 
inspection, risk assessment and abatement. In addition, Section 745.227 provides requirements 
for conducting three related tasks that may be performed as either single tasks or as a part of an 
inspection, risk assessment or abatement. These three tasks are: a lead hazard screen, laboratory | 
analysis, and composite dust sampling. Section 745.227 also establishes certain recordkeeping 
requirements. This section of the rule also establishes the dates by which compliance with these 
standards and procedures is required. The standards and procedures for conducting the 
lead-based paint activities contained in Section 745.227 are being issued under authority of 
TSCA section 402(a), which directs EPA to issue such standards, taking into account reliability, 


effectiveness and safety. 


B. Scope and Applicability 

Under today's final rule, the standards for lead-based paint activities contained in Section 
745.227 apply only in target housing and child-occupied facilities. Standards for lead-based 
paint activities conducted in steel structures and public and commercial buildings, which had 
been proposed on September 2, 1994, will be addressed after further Agency review. A | 
discussion of the Agency's decision to address steel structures and public and commercial 
buildings outside this rulemaking is presented in Unit II.A. of this preamble. Another important 
feature of the standards contained in Section 745.227 is that they do not mandate circumstances 
under which any particular lead-based paint activity must be performed. Instead the decision to, 
for example conduct an inspection, is left to the building owner. Additionally, the Agency is 
preparing a rule under TSCA section 403 that will identify conditions of lead-based paint and 
lead levels and conditions in residential soil and dust that would result in a hazard to building 
occupants. Although the TSCA section 403 rule has not yet been proposed, Agency guidance on 
this subject was issued July 14, 1994, and is discussed in detail in Unit IV. of this preamble. The 
section 403 Guidance also includes recommendations on actions that can be taken in response to 
conditions of lead-based paint and lead levels and conditions in residential soil and dust. Until 


the final section 403 rule is promulgated, the Agency recommends that individuals and firms 
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refer to the section 403 Guidance for assistance in identifying the presence of a lead-based paint 
hazard and deciding whether to conduct lead-based paint activities. The primary purpose of the 

- standards in today's final rule is to provide certified individuals and firms with a set of minimum 
requirements to be followed when conducting inspection, risk assessment or abatement activities. 
These requirements are primarily procedural in nature: for inspection, risk assessment and 
abatement activities, the standards specify the steps that EPA believes must be taken to conduct 
those activities safely, effectively and reliably. For abatement activities, the standards also place 


restrictions on certain techniques used to eliminate lead-based paint. 


C. Use of Guidance and Recordkeeping Requirements : 

Today's final rule does not prescribe detailed work practices that should be followed for 
each unique situation in which lead-based paint activities may be conducted. For that level of 
detail, individuals should consult Federal and State guidance that provides specific instruction on 
how to conduct inspection, risk assessment and abatement activities. These guidance documents 
include: the U.S. Department of Housing and Urban Development's Guidelines for the Control 
of Lead-Based Paint Hazards in Housing (HUD Guidelines) (Ref. 6), the section 403 Guidance, 
EPA's Residential Sampling for Lead: Protocols for Dust and Soil Sampling (Ref. 7), and any 
additional guidance issued by States or Indian Tribes that have been authorized by EPA under 
Section 745.324 of this rule. While not regulatory requirements, these documents are 
recommended by the Agency because they provide reliable and effective information on this 
subject. Additionally, training courses that have been accredited by EPA or an EPA-authorized 
State or Tribe will provide detailed instruction on inspection, risk assessment and abatement 
standards and methodologies. To complement the existing guidance documents, the Agency is 
currently preparing a technical guidance document as a companion to this rule. The Agency will 
distribute this guidance document to accredited training providers, the lead-based paint activities 
contracting community, and State and local governments, prior to the date that compliance with 
Section 745.225 of this rule is required. In its decision to recommend guidance as an adjunct to 
the requirements at Section 745.227, the Agency carefully considered several factors, including 
enforcement issues and comments received from the public on this approach. With regard to 
enforcement, many of the work practice standards contained in Section 745.227 of today's final 


rule, such as sampling methodologies and visual inspection techniques, refer to guidance. As a_ 
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result, the Agency recognizes that there are questions about the extent to which it will be able to 
take an enforcement action against individuals who choose not to use the various guidance 
recommended by EPA. Nonetheless, the Agency has many reasons for deciding to reference and 
develop guidance as a supplement to this rule, rather than to promulgate rigid work practice 
standards. The September 2, 1994 proposal specifically requested comments on the use of 
guidance as a supplement to the rule's basic regulatory requirements. In general, the majority of 
commenters support the use of guidance as a supplement to the regulatory requirements 
contained in Section 745.227. In some cases, commenters directly expressed their support, 
whereas in other cases, commenters expressed neither support nor opposition. Overall, the 
Agency believes that commenters accepted its proposed approach of referring to guidance. The 
Agency believes there are several reasons to recommend guidance rather than to establish | 
detailed national work practice standards for the purposes of providing instruction on how to 
conduct specific lead-based paint activities. 

First, as discussed in the September 1994 proposed rule, the Agency drew from a large 
body of existing information and research, and the input from a broad range of individuals and 
groups, to develop its proposed regulatory standards for lead-based paint activities. Based on 
that information and input, the standards proposed in September included strict reporting | 
requirements and documentation of the quality control measures and methodologies employed 
when conducting inspection, risk assessment and abatement activities. These reporting and 
documentation requirements remain a critical component of the standards established by today's 
final rule. In combination with the rule's basic work practice standards, training, certification and 
accreditation requirements, the reporting/documentation activities will help to ensure the 
effectiveness of the standards and facilitate the use of guidance. 

A second reason for relying on non-regulatory guidance instead of rule-based standards is 
the number of differences that can be found in the structure, design and occupant use patterns of 
the residential dwellings and child-occupied facilities covered by this rule. For example, under 
the standards for conducting a risk assessment at Section 745.227(d)(4), a risk assessor is 
required to collect dust samples in rooms where children aged 6 years and under are most likely 
to come into contact with dust. The rule does not prescribe precisely which rooms or how many 
samples to collect, because the risk assessor needs to consider site-specific variables to determine 


which rooms should be sampled and the number of samples that should be taken from each 
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room. These variables include: the size and number of rooms in the building; interior design 
elements in a building and differences in designated play areas for a child; the location of 
windows and doors; the condition of door frames, window troughs and stools; and occupant use 
patterns. | : 

As a specific example, in a small residential dwelling, a child may not have a separate 
playroom, but may play in selected areas of one room or more, such as a corner in a living room 
or dining room, or may have a bedroom that doubles as a playroom. On the other hand, in a 
large residential dwelling, a child may have a separate playroom and bedroom, and certain areas 
in a living room or family room for play activity. Furthermore, a child's pattern of use in a 
residential dwelling can vary considerably, and that pattern may only be possible to determine 
through an interview with a guardian. 

Based on these and other variables that may be encountered when conducting a risk 
assessment, inspection or abatement, the Agency believes that to try to anticipate and attempt to 
list all circumstances that may be encountered would make the regulation overly prescriptive and 
rigid. However, by establishing minimum requirements and basic procedures for conducting 
inspection, risk assessment and abatement activities, the Agency is setting a safe, reliable and 
effective baseline of steps for certified individuals and firms to follow to make sound decisions 
based on site-specific conditions. 

A third reason for the Agency's decision to avoid being overly prescriptive is the state of 
technology within the lead-based paint activities field. Although there has been progress in the 
development of new technologies to support specific lead-based paint identification techniques 
and abatement methods, the Agency recognizes that the field is advancing and that the 
technologies and methods that will help define it are still evolving. 

Consequently, the standards contained in today's final rule do not specify that certain 
technologies or methods be utilized for sampling and analysis. Additionally, the rule does not 
prescribe any specific methods or technologies for conducting an abatement, although it does 
restrict certain work practices known to pose risks to building occupants, workers and the 
environment. 

As had been proposed, today's final rule relies on the use of documented methodologies 


that incorporate adequate quality control measures. These methodologies and measures are 


available in existing Federal and State guidance documents, and will be taught at accredited 
training programs. _ | oe 

Although not overly detailed or prescriptive, EPA believes that the work practice 
standards contained in today's final rule under Section 745.227 provide a baseline, which in 
combination with the training, certification and accreditation requirements contained in Sections 
745.225 and 745.226, will ensure that lead-based paint activities are conducted reliably, safely 
and effectively. on = = 


Vill. Response to Comments on Work Practice Standards for Conducting Lead-Based 
Paint Activities in Target Housing and Child-Occupied Facilities | 


B. Inspection 

The objective of an inspection is to determine, and then report on, the existence of 
lead-based paint through a surface-by-surface investigation of a residential dwelling or | 
child-occupied facility. As such, an inspection involves identifying the presence of lead in paint. 
An inspection does not include taking dust or soil samples. An inspection must be conducted by 
either a certified inspector or a certified risk assessor, and must include the provision of a report 
explaining the results of the investigation. 

The inspection standards contained in Section 745.227(b) reflect the Agency's decision 
not to provide detailed regulatory requirements on how to perform specific lead-based paint 
identification tasks, such as taking a paint chip sample or using an X-ray fluorescence (XRF) 
device. In the final rule, the Agency also has removed specific requirements to use the HUD 
Guidelines when collecting paint chip samples or when using an XRF device to test for the 
presence of lead-based paint. | 

Instead, the Agency requires that a lead-based paint inspection be conducted using 
documented methodologies and adequate quality control measures. These documented 
methodologies are defined as methods or protocols used to sample for the presence of lead in — 
paint, dust, and soil. Documented methodologies that are appropriate for the purposes of this 
section may be found in: (1) The HUD Guidelines; the EPA Guidance on Residential 
Lead-Based Paint, Lead-Contaminated Dust, and Lead-Contaminated Soil (60 FR 47248); the 
EPA's Residential Sampling for Lead: Protocols for Dust and Soil Sampling and other EPA 


sampling guidance; and (2) Regulations, guidance, methods or protocols issued by States and — 
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Indian Tribes that have been authorized under Section 745.324. Additionally these 
methodologies will be included in EPA's technical guidance on lead-based paint activities. 

Although commenters generally supported this approach, at least three responses 
suggested that the Agency provide detailed regulations for lead-based paint testing. However, 
one of these commenters indicated that guidance may be an acceptable approach for establishing 
testing protocols. These commenters were concerned about the enforcement issues associated 
with the rule's dependence on documented methodologies, which to date have only been issued 
by HUD, EPA and various State agencies, primarily as guidance. 

~ However, other commenters did not object to the Agency's use of documented 
methodologies, provided that records are kept as part of the inspection, and that such 
methodologies are acknowledged as documented methodologies by EPA through future guidance 
or regulations. As discussed, the Agency is currently preparing a technical guidance document 
for conducting lead-based paint activities. Additionally, it is possible that the Agency may | 
amend the regulation with more detailed standards in the future, if there is a need to do so. 

One reason commenters suggested that the Agency not require certain inspection 
techniques is that such requirements often have the effect of discouraging the development of 
emerging or new technologies. For example, the Agency currently does not recommend that 
chemical test kits be used for lead-based paint testing (Ref. 8). However, EPA recognizes that at 
some point in the future, test kit technology is likely to be improved so that the kits can provide 
reliable test results. At that time, the Agency will be able to recommend chemical test kits for 
testing for the presence of lead in paint. | 

Two other key issues raised by commenters were: (1) Potential limitations of the 
proposed procedures for conducting an inspection, assuming that an inspection involves the 
investigation for lead-based paint throughout an entire residential dwelling or child-occupied 
facility, rather than a “partial inspection” of just one or more rooms in a residential dwelling or 
child-occupied facility; and (2) the standard contained in Section 745.227(b)(2), which requires 
the testing of all components of a residential dwelling or child-occupied facility with a “distinct 
painting history,” yet allows inspectors not to test those components determined by the inspector 
or risk assessor as having been replaced after 1978. | 

1. Partial inspections. The Agency recognizes that there may be a demand for © 


lead-based paint identification services that do not involve a surface-by-surface investigation for 
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the presence of lead-based paint throughout an entire residential dwelling or child-occupied 
facility. For example, a homeowner may only be interested in determining if lead is present in 
the paint in a child's bedroom, not necessarily the entire residential dwelling. In this instance, it 
is unlikely that the homeowner will want to pay for an inspection, as defined under today's 
regulations. Although not required, the Agency recommends that a certified inspector or risk 
assessor be used in cases, such as these, where an individual or firm believes it is only necessary 
to conduct a “partial inspection” of a property. 

More specifically, in response to commenters on this issue, the Agency believes that the 
definition of an inspection, which under Section 745.227(b) requires that testing for lead-based 
paint take place throughout an entire residential dwelling or child-occupied facility, is 
appropriate for several reasons. 

One reason is that the statutory definition of an inspection in section 401(7) of TSCA 
calls for a “surface-by-surface investigation to determine the presence of lead-based paint and the 
provision of a report explaining the results of the investigation.” As discussed in the September 
2, 1994 proposal, the Agency believes that an inspection is intended to provide a comprehensive 
inventory of all lead-based paint in a residential dwelling or child-occupied facility. As such, the 
Agency acknowledges, that the value of a lead-based paint inspection may appeal only to those 
individuals interested in getting a complete report on painted components in a residential 
dwelling or child-occupied facility. Although it is difficult to predict, the Agency believes that 
such a report may be of value to property owners or managers of large multi-family dwellings 
and child-occupied facilities and home buyers. 

Furthermore, the Agency notes that its inspection requirements are consistent with — 
general trends in the housing market, particularly in federally-owned housing or housing 
receiving federal assistance. That is, inspections are being conducted to ensure that building 
owners are informed of the presence of lead-based paint throughout a residential dwelling or 
child-occupied facility, not just one or two rooms. | 

Lastly, the Agency believes that by establishing requirements only for “whole house” 
inspections it will help ensure that the information needed to determine whether lead-based paint 
is present in a residential dwelling or child-occupied facility is accurately presented. Again, the 
Agency recognizes that an inspection, as defined under today's final rule, may not provide a 


value to all persons. Nonetheless, the Agency believes that by requiring that an inspection be 
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conducted throughout a residential dwelling or child-occupied facility it will ensure that a person 
contracting for the inspection will obtain accurate and reliable information regarding the 
presence of lead-based paint throughout a residential dwelling and child-occupied facility. 

2. Distinct painting history. On the issue of inspecting and sampling all components 
sharing a distinct painting history, except those components replaced after 1978, there are several 
points that commenters raised. First, some commenters suggested that the proposed requirement 
to take one sample per component in every room and one sample per exterior component with a 
distinct painting history was overly burdensome in that it required taking an excessive number of 
samples. The assumption of these commenters was that an inspection requires that each and 
every painted component throughout a residential dwelling had to be individually tested. The 
Agency would like to clarify that an inspection does not necessarily require that a large number 
of paint samples be taken. — 

To clarify this point, the Agency directs commenters to carefully review the definitions of 
“component” and “distinct painting history” as contained in Section 745.223 of today's final rule. 
According to these definitions, in a room with four walls painted at the same time with the same 
paint, only one paint sample would need to be taken to characterize the lead content of the paint 
on the walls. This is because, although each wall can be considered a separate “component,” the 
walls share the same distinct painting history. On the other hand, if there were window frames in 
the room that had been painted with a different paint than the walls (for example a semi-gloss 
instead of a flat), two samples would need to be taken, one from the walls and one from the 
windows. As this example demonstrates, the Agency does not believe that an inspection will 
involve excessive sampling. 

In contrast, other commenters disagreed with these requirements for an inspection, 
suggesting that they would result in insufficient numbers of samples. Based on the definition of 
“distinct painting history,” these commenters interpreted the proposal to mean that if all rooms in 
a residential dwelling had been painted recently with the same paint and in the same color (for 
example, a white latex paint), it would be possible for an inspector to take only one paint sample 
from the home. 

In response, the Agency notes that in this case it would be clear to an inspector that trim, 
doors, and windows are usually painted with a different paint type. Determining the distinct 


paint history of such components involves not just an examination of the visible top coat, but the 
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unique layers of paint beneath the surface. A visible examination of these paint layers is easily 


accomplished by making a discrete incision into the painted surface. 


C. Risk Assessment Activities | 7 

TSCA section 401(16) provides that the objective of a risk assessment is to determine, 
and then report, the existence, nature, severity, and location of lead-based paint hazards in 
residential dwellings through an on-site investigation. The definition also identifies specific 
activities that will be employed when conducting a risk assessment, including: (1) The gathering 
of information regarding the age and history of the housing and occupancy by children aged 6 
years and under, (2) visual inspection, (3) limited wipe sampling or other environmental | 
sampling techniques, (4) other activity as may be appropriate, and (5) the provision of a report 
explaining the results of the investigation. This definition of risk assessment serves as the basis 
for the standards and procedures associated with a risk assessment contained in Section 
745 .227(d). 

The risk assessment procedures in today's final rule, as in the proposal, require the risk 
assessor to make a recommendation of lead hazard control strategies to address all lead-based 
paint hazards identified as a result of the risk assessment. This activity was not enumerated in 
the statutory definition, but was added pursuant to TSCA section 401(16), which stated that a 
risk assessment may include “other activities” as may be appropriate. 

The Agency's reason for adding this requirement was to ensure that the individual or firm 
hiring or contracting for the services of a risk assessor was provided with some reliable guidance 


on how to respond to the results of a risk assessment. 


I. Lead hazard screen. | : | a 

Pursuant to TSCA section 401(16), a risk assessment may include “other activities” as 
may be appropriate. Based on this language, today's final rule also includes the “lead hazard 
screen, as a risk assessment activity. The requirements for the screen are contained in Section 
745.227(c). The reason for including a lead hazard screen in the proposal and today's final rule is 
to, where appropriate, avoid the costs of conducting a comprehensive risk assessment, 


particularly in well-maintained housing and child-occupied facilities constructed after 1960, or in 
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housing and child-occupied facilities considered unlikely to have significant lead paint, dust or 
soil hazards. 

The Agency received two comments on the addition of a lead hazard screen as a risk 
assessment activity; one commenter noted that the Agency needed to list more explicitly 
standards for conducting a lead hazard screen. | 

The commenters also agreed that the lead hazard screen should focus on determining the 
absence of a lead-based paint hazard, rather than the presence of such a hazard and the risks it 
may pose to building occupants. In response, today's final rule includes specific procedures and 
standards for conducting a lead hazard screen in Section 745.227 (c). Furthermore, because the | 
lead hazard screen employs highly sensitive evaluation criteria and limited sampling, the Agency 
believes that these standards will provide the risk assessor with a basis for determining the 
absence of lead-based paint hazards. 

If any one of the dust samples collected during a lead hazard screen contains a lead level 
greater than one-half of the applicable clearance level for the tested component, or if any sampled 
paint is found to be lead-based paint, that is an indication, but not a requirement, that the 
residential dwelling should undergo a full risk assessment. As discussed subsequently in this 
preamble, clearance levels for specific components can be found in the HUD Guidelines and in 
EPA's section 403 Guidance, as well as in several State guidance documents. 

Clearance levels are used as the basis for determining whether a lead-based paint 
abatement has been successfully completed and that a residential dwelling or child-occupied 
facility may be re-occupied (if building occupants were relocated during an abatement). 
Currently, under the section 403 Guidance, clearance levels for dust also serve as the levels for 
determining the presence of lead-contaminated dust, which may pose a lead-based paint hazard. 
A standard for the lead hazard screen of one-half of the applicable clearance levels is extremely 
stringent. As such, the Agency believes that a dust sample containing less than that level is a 
reliable indicator that there are no lead-based paint hazards. The work practice standards and 
evaluation criteria for a lead hazard screen contained in Section 745.227(c) are modeled after the 
HUD Guidelines recommendations for conducting a lead hazard screen. 

As discussed previously in the preamble, the Agency recommends that the lead hazard 
screen be used primarily in well-maintained homes constructed after 1960. According to HUD, 


it is estimated that approximately 37 million privately owned homes and 428,000 public housing 
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units, or roughly 90 percent of the nation's housing stock built prior to 1960, contain lead-based 
paint. Generally, if maintenance has been deferred on these homes, there is a high probability for 
the presence of some deteriorated lead-based paint and/or lead-contaminated dust. Consequently, 
the value and any cost savings that may be achieved by conducting a lead hazard screen in poorly 
maintained, pre-1960 homes, rather than a full risk assessment, may not be realized. For 
instance, in a pre-1960 home with several components that have deteriorated paint, in practice, 
just as many deteriorated paint surfaces will be tested for a lead hazard screen as for a risk 
assessment. However, when conducting the lead hazard screen, a risk assessor is not required to 
attempt to determine whether those surfaces pose a lead-based paint hazard. 

_ In fact, homeowners and building owners may decide that a lead hazard screen would 
merely add time and cost to the evaluation process in properties that would more likely benefit 
from a risk assessment. These benefits include a comprehensive report, not only on the existence 
of lead-based paint hazards, but also on the nature, severity, and location of those hazards. 
Furthermore, the risk assessment also would provide options on how to reduce or eliminate the 
lead-based paint hazards. | 

Other standards and activities required as a part of the lead hazard screen in Section 
745.227(c) include: (1) The collection of background information regarding the physical 
characteristics of the residential dwelling or child-occupied facility and occupant use patterns 
that may cause lead-based paint exposure to one or more children age 6 years and under, (2) a 
visual inspection, (3) the sampling of components with deteriorated paint with a distinct painting 
history in poor condition, (4) the collection of a minimum of two composite dust samples (one 
for floors and one for windows), and (5) the preparation of a report on the results of the screen. 
Specifically, Section 745.227(c) requires that in a residential dwelling two composite samples be 
taken--one from the floors and one from the windows in rooms where one or more children, 
age 6 and under, are most likely to come into contact with dust. Additionally, in multi-family © 
dwellings and child-occupied facilities, composite dust samples are to be taken from any 
common areas where one or more children age 6 years and under are likely to come into contact 


with cust. 


A-24 


2. Risk assessment 

In addition to the requirements of a lead hazard screen, the standards for a risk assessment 
contained in Section 745.227(d)(3) also involve the collection and review of background 
information regarding the physical characteristics of a building, and the occupant use patterns 
that may pose a lead-based paint hazard to children aged 6 years and under. More than two dust 
_ samples and soil samples also may be required under Section 745.227(d)(4), (5), (6) and (7), 
respectively. Lastly, the risk assessment report must include options for reducing and/or 
eliminating lead-based paint hazards. | 

The requirements contained in Section 745.227(d) of today's final rule differ from those 
proposed in September 1994 in that they reflect the Agency's decision to reduce the detail and 
specificity of the rule. However, based on the documentation and recordkeeping requirements 
for a risk assessment, and the rule's training, certification and accreditation requirements, the | 
Agency believes that the standards contained in today's final rule will promote reliable, safe and 
effective risk assessments. | 

For example, the proposed rule specified several items of information to be collected as 
background information during a risk assessment, including the age of the building and any 
additions being evaluated, copies of any previous inspection reports, and a schematic site plan of 
the building. In its review of the comments on the proposed rule, the Agency noted that many of 
these requirements would be met during the preparation of a risk assessment report. For 
instance, among the items to be presented in a risk assessment report, as contained in Section 
745.227(d)(10) are: the date of construction of the building, data collected as a result of any 
previous inspection or other analyses available to the risk assessor, and the specific locations of 
any identified lead-based paint hazards or potential hazards. | 

In eliminating specific instructions regarding the background information to be collected, 
the Agency believes that the standards for conducting a risk assessment have been simplified 
without diminishing the reliability, safety, and effectiveness of those standards. This is because 
today's final rule has eliminated the duplicative reporting requirements included in the 
September 2, 1994 proposal by requiring that the information only be contained in the risk 
assessment report. 

In addition to these changes, the Agency has slightly modified Section 


745.227(d)(10)(xviii), which requires a risk assessor to provide options for eliminating and/or 
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reducing lead-based paint hazards in the risk assessment report. Under the proposed rule, the risk 
assessor would have been required to provide not only options, but to recommend one option 

_ over another and to include a rationale or justification for his or her selected option. The final 
rule no longer requires the risk assessor to recommend one option over another, provided the 
recommended options are all presented in the risk assessment report. © 

These changes were largely based on comments urging the Agency to allow the 
individual or firm contracting for the risk assessment to select from the options presented in the 
report. Although the Agency does not necessarily believe that the proposed requirements would 
have forced a building owner to select the option recommended by a risk assessor, the Agency is 
willing to provide building owners with more flexibility in reviewing risk assessment reports and 
selecting among remediation options. 

In response to comments on the latitude a risk assessor is given in determining dust 
sampling locations and the extent of paint deterioration, the Agency believes, as discussed in 
Unit VI.A. of this preamble, that because the risk assessor will be a trained specialist equipped 
with the requisite professional judgement needed to evaluate lead-based paint hazards, added 
specificity is unnecessary in the rule. The Agency also stresses that due to major differences in 
the structure, design and condition, and occupant use patterns of various buildings, it is best not 
to identify specific room locations, e.g., kitchen, playroom, bedroom, for the purposes of 
sampling dust. Instead, the regulations in Section 745.227(d)(4), (d)(5), and (d)(6) require that 
dust samples be collected in rooms and areas where young children are most likely to come into 
contact with dust. 

Similarly, the final rule clarifies that only deteriorated paint with a distinct paint history 
found to be in poor condition shall be sampled for the presence of lead. “Paint in poor 
condition” is defined in today's final rule as more than 10 square feet of deteriorated paint on 
exterior components with large surface areas; or more than 2 square feet of deteriorated paint on 
interior components with large surface areas (e.g., walls, ceilings, floors, doors); or interior or 
exterior components with small surface areas (window sills, baseboards, soffits, trim) on which 
more than 10 percent of the total surface area of the component is deteriorated. This 
determination is to be made by the risk assessor based on a documented methodology such as the 


HUD Guidelines. 
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As discussed earlier in Unit VIL.C. of this preamble, such locations include the playrooms 
and bedrooms of children, kitchens, and living rooms, as well as common areas associated with a 
residential dwelling or child-occupied facility. 

The Agency also reiterates that detailed instruction on where and how to sample dust is 
included in the HUD Guidelines, existing EPA guidance and various State regulations and 
guidance documents, and that these instructions will be taught in accredited training programs 
and included in future Agency guidance. 

Lastly, the Agency has clarified the standards for collecting soil samples contained in 
- Section 745.227(d)(7) such that samples need only to be taken from exterior play areas and 
dripline/foundation areas where bare soil is present. This requirement is in keeping with the 
statutory definition of lead-contaminated soil, which basically is the same definition used in 
today's final rule. As defined in Section 745.223, lead-contaminated soil means bare soil on 
residential real property and on the property of a child-occupied facility that contains lead at or in 
excess of levels determined to be hazardous as identified by the EPA Administrator pursuant to 
TSCA section 403. Guidance on how to collect bare soil samples is provided in EPA's 
Residential Sampling for Lead: Protocols for Dust and Soil Sampling document and the HUD 


Guidelines. 


D. Composite Sampling | 

Under today's final rule, composite dust and soil sampling is expressly permitted for the 
purposes of conducting a lead hazard screen, risk assessment, or clearance following an 
abatement. | | 

This change from the September 2, 1994 proposal is based on comments the Agency 
received in support of composite sampling for dust and soil, as well as limited evidence | 
supporting the use of composite dust and soil sampling to determine the presence of lead in dust 
and soil. The Agency also believes that composite sampling is useful because it provides a 
means for “averaging” the potential for exposure to lead-based paint hazards in a residential 
dwelling or child-occupied facility. Furthermore, the Agency is permitting use of the technique 
due to laboratory cost savings generated by sampling analysis. 

However, it is important that the individual who is receiving the results of a composite 


understand their limitations and can correctly interpret the results of a composite sample. A brief 
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discussion of this subject can be found in this section, and a thorough discussion of this issue is 
contained in the HUD guidelines, and will be presented in the risk assessor and supervisor 
course. 

Specific instruction on the taking of composite dust and soil samples is provided in the 
HUD Guidelines. The technique essentially involves combining several subsamples from the 
same types of components into one sample for analysis. A composite dust sample is different 
from a single-surface sample because it combines at least two dust samples from more than one 
sampling area into one sample. 

Pursuant to Section 745.227(g) of today's final rule, composite dust samples must consist 
of at least two subsamples. At this time the Agency recommends that a composite sample 
consist of no more than four subsamples, unless the laboratory contracted to analyze the 
composite sample agrees to accept a sample consisting of more than four subsamples. This 
recommendation is based on current limitations in the laboratory analysis of composite samples 
consisting of more than four subsamples (i.e., using available technology, composite samples 
that combine more than four subsamples are difficult to properly analyze). However, because 
consisting of more than four subsamples, the final rule does not explicitly restrict a composite 
sample from containing more than four subsamples. 

Pursuant to Section 745.227(g) of today's final rule, composite dust samples shall not 
consist of subsamples from more than one type of component. For example, subsamples from 
four uncarpeted floors from four rooms may be combined into one composite sample. However, 
in these same four rooms, the rule prohibits two subsamples from windows in two of the rooms 
from being composited with two subsamples from floors in the other two rooms. This restriction 
is due to the varying levels of lead that may be present on different components, and the potential 
hazard that a component may present. For example, dust samples from floors generally tend to 
indicate a lower level of contamination, while the frequency of contamination is generally higher 
in windows. Consequently, the interpretation of the results from a composite sample consisting 
of subsamples from different components would not adequately characterize the location of the 
hazard. One of the primary benefits derived from composite sampling is lower sampling costs 
due to fewer laboratory analyses. Lead levels generally vary significantly from one component 


to another, and a single surface sample from one component alone (i.e., from one area of a floor 
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in aroom to another of the same floor) may not represent the potential for exposure. Composite 
sampling provides a means to determine potential exposures to lead-based paint hazards by 
obtaining a wide cross-section of possible exposure pathways. However, composite sampling 
may yield laboratory results that are not as informative as single-surface sampling. For example, 
dust samples from the floors of three rooms might be composited where only one of the floors 
contains lead-contaminated dust higher than the clearance level contained in the section 403 
Guidance for uncarpeted floors of 100 ug/ft?. This might cause the composited sample to fail 
clearance. On the other hand, if three single-surface floor dust samples were taken for clearance 
testing, the laboratory analyses would have precisely indicated which one of the three rooms 
exceeded the clearance level, and the inspector or risk assessor would know exactly which room 
needed to be recleaned and retested. Because of these limitations, it is imperative that a risk 


assessor, inspector, or supervisor understands and correctly interprets composite samples. 
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APPENDIX B 


Summary of the Activities of a Risk Assessor 
As Specified in the Risk Assessor Curriculum | 


B1.0 BACKGROUND AND OBJECTIVE 

This document provides a summary of the activities a risk assessor performs for 
inspections, lead hazard screens, risk assessments and risk assessments/inspections, as described 
in the Section 402 rule. Though the emphasis is on a risk assessment, discussions of the other 
activities are also provided. 


The information provided will help guide the following tasks: 


a. Development of forms to evaluate the costs of inspections, hazard screens, risk 


assessments, risk assessments/inspections, and elevated blood-lead investigations. 


b. Statistical analysis of the effectiveness of a risk assessment or lead hazard screen 


given the choices of a risk assessor. 


Table B-1 provides a very brief summary of the purpose, scope, and consequence of the 
inspection, lead hazard screen, risk assessment and risk assessment/inspection documented in 
Section 402 [2] and the student manual for the lead-based paint risk assessment model 
curriculum [1] being used to train risk assessors. | 

It should be noted that this document focuses on current guidance and protocols as 
promulgated in the Section 402 rule [2], the Section 403 guidance [3], the HUD Guidelines [4], 
and the model training curriculum for risk assessors [1]. Promulgation of the Section 403 rule, 
which will identify conditions that result in a lead based paint hazard, may affect the guidance 
and sampling recommendations that are summarized in this document. Note that a good portion 
of the information listed was extracted from the “Lead-Based Paint Risk Assessment Model 
Curriculum [1].” Additional information to clarify the curriculum was extracted from the 


Section 402 rule [2], the Section 403 guidance [3], and the HUD Guidelines [4]. 


B1.1 DEFINITIONS 
There are several terms which will be used throughout the discussion. To avoid 


misinterpretations the definitions of the terms are provided below. 


e ARISK ASSESSMENT is an on-site investigation of a residential dwelling for 
lead-based paint hazards. Risk assessments include investigating the age, history, 
management, and maintenance of the dwelling; conducting a visual assessment; 
performing limited environmental sampling, such as dust wipe samples, soil 
samples, and deteriorated paint samples; and reporting the results that identify 
acceptable abatement and interim control strategies based on specific conditions and 
the owner’s capabilities. 


@ AnINSPECTION is a surface-by-surface investigation for determining the presence 
of lead-based paint. 


@ A LEAD HAZARD SCREEN is an alternative to a risk assessment that involves 
limited paint and dust sampling in homes in relatively good condition. 


@ LEAD-BASED PAINT is any paint or other surface coatings that contain lead equal 
to or in excess of 1.0 mg/cm? or more than 0.5 percent by weight (5,000 pg/g, 5,000 
ppm, or 5,000 mg/kg). 


@ LEAD BASED PAINT HAZARD is a condition in which exposure to lead from 
lead-contaminated dust, lead-contaminated soil, deteriorated lead-based paint, or 
from lead-based paint present on accessible, friction, or impact surfaces that would 
result in adverse human health effects. | 


B.1.2 OVERVIEW OF THE LEAD HAZARD EVALUATION PROCESS 
For single family housing, one or more of the following steps may have to be completed 


prior to a risk assessment or other evaluation. 


1. Provide information to the owner about lead hazards and how they can be evaluated. 


2. Help owner determine the type of activity that should be conducted-risk assessment, 
inspection, lead hazard screen, or risk assessment/inspection. 


3. Discuss the history of the property and the future plans of the owner, resources, and 
occupants. oe 


4. Set up visual inspection of the property, plan for environmental sampling, and set up 
analysis of samples by an EPA-recognized laboratory. 
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The risk assessor must identify the most appropriate strategies for a specific 
property. The risk assessor should discuss motivating factors and review these with 
the property owner: 


Legal or insurance requirements; 

Property disposition (sale or turnover) 

Liability issues 

Preventive measures for ehildden at risk 

Preventive measures prior to renovation or remodeling 
Response to a child with elevated blood lead levels 
Cost. | : 


Once the necessary steps outlined above have been completed one or more of the following steps 
may be necessary. 


l. 


Determine whether a risk assessment, inspection, a combination risk 
assessment/inspection, or a lead hazard screen should be conducted. 


Get background information on the dwelling, owner’s plans, resources, and 
occupants (if present). 


Arrange a date to do the visual examination and environmental sampling. Make any 


necessary arrangements with the owner to notify residents. Some education on why 
this work is being done may be necessary, especially if an i has already 
been done. 


Conduct environmental sampling, and send samples to an EPA-recognized 
laboratory. | 


Combine visual findings with environmental sampling results, and determine if 
hazards are present. 


Provide owner with a range of anton: to control any hazards found, along with 
rough, estimated costs and reevaluation schedules. : 


Document all findings and determinations in a standard report. 
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B2.0 RISK ASSESSMENT 

The purpose of a risk assessment is to uncover only housing-related lead-based paint 
hazards by surveying likely sources. Activities included in a risk assessment are a visual 
examination of the property, collection of dust, soil, and paint samples, and the writing of a risk 


assessment report. Discussed below are the specifics of each of these activities. 


B2.1 VISUAL EXAMINATION 


The purpose of the visual examination is for the risk assessor to locate and assess 
potential lead-based paint hazards and their causes. 


The visual examination evaluates: 


deteriorated paint and visible causes of such deterioration; 
visible dust accumulation; 
areas of bare residential soil; 


painted surfaces that are either impact points or subject to friction; 


painted surfaces where a child’s chewing is suspected. 


The focus should be on locating current visible lead hazards. The risk assessor locates 
lead-based paint hazards by locating areas where paint, dust, and soil may be hazardous and by 
conducting environmental sampling. If paint on certain components is known through other tests 
or other information not to contain lead at or above the regulatory limit, it is not necessary for the 
risk assessor to evaluate its condition. | 

The exterior visual examination should address the roof; windows; porches; masonry and 
foundations; other painted surfaces and bare residential soil. The interior visual examination 
should address the attics; drop ceilings; windows; doors; baseboards and moldings; stairs and 
floors; plumbing; and the basement. 

During a visual examination walk-through the following should be taken into 


consideration: 


1. Determine the exterior and interior condition of the building. | 


2. During the walk-through survey the risk assessor should determine: 


B-6 


a. Ifthe property is in good repair or if there are significant structural or moisture 
problems (cracks in walls, sagging walls, holes in the roof, and extensive water 
stains. 


b. Does the property have large amounts of deteriorated paint and/or visible dust 
accumulation? 


Paint deterioration may be categorized as: 


1) Surface-coat failure — top layer of paint flaking, peeling or otherwise 
detaching from layers below; 


2) Multi-coat failure — several top layers of paint or other coatings (e.g., 
wallpaper) are delaminating from layers below; 


3) Paint failure revealing unsound substrate or structure — paint delamination 


reveals the substrate or underlying structure is unsound (e.g., rotted wood or 
plaster off lathe); 


4) Paint abrasion — paint is rubbing because of mechanical friction (e.g., 
windows) or from human contact (e.g., painted stairs and floors scuffed by 
walking or other contact); 


5) Chipped paint — pieces of paint are loosened or broken because of impact 
(e.g., doors, baseboards, or chair rails). 


c. Are the windows and doors old and possibly coated with lead-based paint; are 
the windows and/or doors relatively new and hence unlikely to be coated with 
lead-based paint; and are the window and door tracks generally painted and/or do 
the troughs contain chips and dust? 


d. Is there any obvious exterior source of lead (old house next door that has lots of 
peeling paint or battery recycling shop that is located nearby)? 


e. Determine the property’s recent maintenance history. 


B2.2 ENVIRONMENTAL SAMPLING 

In order to evaluate lead hazards the collection of dust, soil, and paint samples is 
necessary. The specifics of sampling are presented in this section by media. 

Note that all laboratories used to do environmental sampling analysis in a risk assessment 
should be recognized as proficient through one of the accrediting organizations in the EPA 


National Lead Laboratory Accreditation Program (NLLAP). 


B2.2.1 Dust — 
For children, dust is an important pathway of exposure to lead. Studies have shown that 


dust lead levels are among the strongest predictors of children’s blood-lead levels compared with 


a number of other variables. 


Units of Measure of Lead in Dust 

Lead in dust can be measured by loading (area concentration), a measure of the total 
amount of lead present in micrograms of lead per square foot of surface area (y2/ft?), or by mass 
concentration, a measure of the amount of lead contained in dust expressed as micrograms of | 
lead oe gram of dust (ug/g). Loading is measured directly by wipe sampling and vacuum 
sampling. Mass concentration is usually measured by vacuum sampling and cannot be measured 
by the standard wipe sampling methods. Wipe sampling is the recommended method for routine 


risk assessments for the following reasons: 


It is relatively simple and inexpensive 
e It has been correlated with children’s blood lead levels in a number of studies; 
@ Current EPA, HUD, and state standards are based on wipe sampling; | 

@ Vacuum sampling methods are not standardized; 


@ Since there are no concentration standards, it is not possible to identify hazards using 
vacuum sampling. 


EPA Guidance Levels for Dust 
The following interim guidance (July 1994) should be used for lead risk assessment until 
the permanent health-based standards defining “dangerous levels of lead in house dust” 


determined as required of EPA through T itle X legislation: 


Floors (Bare) 100 g/ft? (as determined by wipe sampling only) 
_ Interior window sills (stools) — 500 pg/ft? (as determined by wipe sampling only) 
_ Window troughs (wells) 800 yg/ft? (as determined by wipe sampling only) 


Dust samples can be taken as single samples or composite samples. Composite samples 
have the advantage of being lower in cost per surface sampled and an increased surface area can 
be wiped for about the same analysis cost. The disadvantages of using composites are that 
information on a specific sampling location is lost and laboratories have to adopt special 
handling and digestion procedures. If composite samples are used, a minimum of three separate 
composite dust samples should be collected. The composite samples should be collected from 
bare floors or carpeted floor for wall-to-wall carpets, window sills, and window troughs. 


The following are rules for composite sampling: 


1. No less than 2 and no more than 4 individual wipes should be included in each 
composite sample. 


2. Separate composite samples are required from carpeted and hard surfaces (e.g., a 
single composite sample should not be collected from both carpeted and bare floors). 
Whenever possible, hard floors should be sampled instead of carpets. Collection 
efficiencies may vary considerably on carpets. 


3. Separate composite samples are required from each different component sampled 
(e.g., a composite sample should not be collected with both floor and window sill 
subsamples contained in one composite sample). 


4. Separate composite samples are required for each dwelling. 


5. Floor surface areas sampled in each room should be approximately the same size 
(1ft? or 929 cm?). Window trough and interior window sill sampling sizes are 
dependent on window characteristics but should be as similar as possible from room 
to room (e.g., the surface sampling area : should not be skewed so that one room is 
over sampled. 


6. The same wipe should not be used to sample two different spots. A new wipe should 
be used for each spot sampled. 


7. When composite samples are submitted for analysis blank and spike (control) quality 
assurance/quality control samples should also be included and analyzed. 
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Single-surface samples should be used: 


1. when information is needed to determine leaded dust levels in a specific location. 
For example, pet sleeping areas, porch areas, laundry areas where contaminated 
clothing is washed, or lead hobby areas; 


2. in other areas where leaded dust levels are expected to be high to determine if 
targeted cleaning efforts are needed. 


Composite samples should be used: 
1. whencontrolling costs is essential; 


2. when there is no reason to suspect that dust levels from the same types of surfaces in 
different rooms will vary greatly; 


3. when the costs of multiple-room clean-up will not greatly exceed the cost of single 
room clean-up. 


The Number and Location of Samples 


A. For composite samples, the following rooms should be sampled (at a minimum): 
1. principal play room for children (TV room, living room, or dining room); 
2. kitchen; 
3. bedroom of the youngest child; 
4. bedroom of the next oldest child. 


In vacant dwellings substitutions may be made such as, the living room for the play 
room and smallest bedroom for the youngest child’s room. | 


B. For single-surface samples at least 6-8 samples are necessary for evaluating the 
hazards in each dwelling. 


Children are most likely to come in contact with dust in 
1. the entry way (including porches) 
2. child’s principal play area (TV room, living room, or dining room) 


3. children’s bedrooms, kitchen, and bathroom. 


Within these rooms, areas that are likely to have high dust levels include: 
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1. floors near friction or impact spots, or areas with deteriorated paint 
2. interior window sills (of frequently opened windows) 
3. window trough (of frequently opened windows) and 


4. cabinet with deteriorated paint (housing dishes, toothbrushes, eating 
utensils, etc.) 


B2.2.2 Soil 


Several studies have shown that soil contaminated with lead contributes significantly to 
the blood-lead levels found in children. Exposure occurs through direct ingestion of soil, track-in 
of soil into the interior of the house, or through a combination of the two. Soil may be 
contaminated with lead from several sources (1) weathering and “chalking of lead-based paint on 
the building’s exterior, (2) nearby demolition or renovation activities, (3) previous repainting 
jobs involving scraping of exterior lead-based paint, (4) airborne contamination from the 
emissions of engines burning leaded gasoline in past years (although leaded gasoline has been 
generally phased out under the EPA ban much lead entered the environment from this source up 
until the late 1980s, and (5) point sources of airborne lead such as lead smelters and battery 
manufacturing plants. 

Children become exposed to lead when they get their hands dirty in soil and put their 
fingers or other objects into their mouths. Lead contaminated soil is also a potential source of 
lead in interior house dust, since residents and their pets can easily track soil into the dwelling. 
Also, vegetables grown in lead contaminated soil may take up lead and be ingested by the 
residents of the dwelling. As a result, testing of bare soil around a dwelling and in play areas is 


required for lead-based paint risk assessments. 


Units of Measure of Lead in Soil 7 

Soil lead levels are usually expressed in micrograms of lead per gram of soil (ug/g). This 
is equivalent to milligrams per kilogram (mg/kg) or parts per million by weight (ppm). Some 
laboratories may report concentration in weight percent which can be converted to pt g/ g or 


mg/kg. 
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EPA Guidance Levels for Soil 
Until health based standards are developed, EPA guidance states the following levels of 


concem. 


Bare Soil Lead Concentration (ppm): 


400 ppm -— Areas expected to be used by children, 

7 - including residential backyards, daycare, 
and school yards, playgrounds, public 
parks, and other areas where children 
gather. 


2,000 ppm — Areas where contact by children is less likely or 
infrequent. 


5,000 ppm — Abatement of soil required regardless of the expected 
contact by children. 


Soil Sampling | 

In order to reduce variability and costs, all routine soil samples collected for lead-based 
paint risk assessment purposes are composite samples. One composite sample is taken from the 
child’s play area if it can be identified and a second from the building foundation. Soil samples 
are taken by (1) coring or (2) scooping. Composite samples should consist of 3-10 subsamples. 
Other areas that may be sampled are gardens, pet sleeping areas, parking areas possibly 
contaminated from vehicle exhaust, or sandboxes. Samples taken along the building foundation 
should be 2-6 feet apart. If there is no bare soil then sampling is not necessary. This includes 
areas where all soil is covered by pavement or thick grass cover, ivy, or similar material. In most 
cases there are some areas that should be sampled. If paint chips are present in the soil, they 
should be included as part of the soil sample but no special attempt should be made to 


oversample paint chips. 
B2.2.3 Paint 


In a risk assessment previous paint testing results should be reviewed to be sure the 


owner can rely on the data to determine which surfaces have lead-based paint and which do not. 
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interim Guidelines for Paint 
The federal standards for lead-based paint are 1.0 mg/cm? or 5,000 g/g (equivalent to 
5,000 ppm, 5,000 mg/kg, or 0.5 percent by weight). 


Paint Sampling 

Deteriorated paint means paint that is cracking, flaking, chipping, peeling, or otherwise 
separating from the substrate of a building component. All deteriorated paint films should be 
measured to determine if they contain levels of lead at or above the applicable limit. If there are a 
large number of surfaces with deteriorated paint, it may be best to complete an inspection since 
the added expense is not great. 

Risk assessments usually need to measure 2-10 paint films. Paint films can be 
composited to help reduce cost especially if it is likely that none of the paint films is above the 
applicable standard. The laboratory doing the analysis must have special capability to do this 
type of assessment. Since a number of samples are combined, the results will indicate whether or 
not any of the surfaces sampled could be over the limit. If the analysis is positive then only | 
analysis of single surface samples can determine exactly which samples are over or under the 
limit. The risk assessor should collect duplicate samples to avoid having to make a return trip to 
the house. | 

Intact paint, on friction, impact, or accessible or chewable surfaces need not be measured 
for lead. The lead hazards associated with these surfaces are determined through dust analysis 
and visual inspection, not through XRF or paint chip analysis. 

The lead content in deteriorated paint films should be determined by using either portable 
XRF analysis of deteriorated paint or laboratory analysis of paint chips. Protocols for these 
analyses are available from EPA, HUD, and ASTM. XRF may be more cost effective than 
laboratory analysis of chips especially if the dwelling has a large number of deteriorated surfaces. 
Current Chemical Spot Test Kits are not recommended as a method to measure lead in 


deteriorated paint. 


Sampling Locations 


The risk assessor should select an unobtrusive area (behind pictures, behind furniture, 
near comers, underneath protruding surfaces (mantels, window sills) to take paint film samples 


where 


@ all paint films are present, 
@ there is the least deterioration, and 
@ the smallest possible substrate is included with the paint sample. 


When several layers of paint are present on a surface, all layers of paint should be 


sampled. The following are reasons why all layers should be sampled. 


® No additional cost is incurred by sampling all layers, and if currently intact layers 
peel in the future, repeated sampling will not be required. 


® The information helps the owner plan future activity even if the layers with lead are 
now intact. 


® No available technology can clearly distinguish which layers contain lead and which 
do not. 


@ The presence of deteriorated paint is an indication that other layers are more likely to 
fail in the future. ; 


@ Repairing deteriorated layers will usually involve some abrasion of the intact layers 
below, possibly resulting in a dust hazard. 


@ Different methods of paint analysis will be consistent only if all layers are analyzed 
(e.g., XRF, which measures all layers of a surface, will produce different results 
from laboratory paint chip analysis if the latter includes only some of the layers). 


B2.2.4 Other Media 
The risk assessment may also include the evaluation of lead in water or other components 
of multiple family dwellings, etc. (The present study is not concerned with these data and this 


summary does not include information on these entities.) 
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B2.3. RISK ASSESSMENT REPORT 


The risk assessment must also include a risk assessment report which (1) summarizes the 





results by indicating where hazards are found; (2) indicates the range of hazard control options 
likely to be effective (indicating ongoing monitoring and maintenance of each option); (3) 
includes all raw data and identifying information; and (4) in some jurisdictions may become a 
legal document. 

The risk assessment report includes a section on identifying information; a section on 
completed management, maintenance and environmental results forms and analysis; and a 
_ section on lead hazard control plan. The risk assessor must make clear to the owner that the 
choice of how to control the hazard is up to the owner, not the risk assessor. 


The four functions of the final risk assessment report are: 


It summarizes the results of the risk assessment indicating where hazards are found. 
It indicates the range of hazard control options likely to be effective. 


It includes all raw data and identifying information. 


= oe i 


It may become a legal document in some jurisdictions. 


When the results of any environmental sampling are above the guidance levels listed 
earlier, the dwelling fails the risk assessment. When all samples are below the lead hazard screen 
guidance levels, the dwelling is considered to be free of lead-based paint hazards. Only a full 
paint inspection determines for sure if the dwelling is lead-free. The risk assessor should provide 
the owner with documentation of the screening and the negative finding. The risk assessor should 
make sure that the results of the screen are sufficient to satisfy local or insurance standards 


before signing any certificates of a lead hazard status that may be requested by an owner. 
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B3.0 LEAD HAZARD SCREEN 

A lead hazard screen, where appropriate, avoids the costs of conducting a comprehensive 
risk assessment, particularly in well-maintained housing and child-occupied facilities constructed 
after 1960, or in housing and child-occupied facilities considered unlikely to have significant 
lead paint, dust or soil hazards. 

The lead hazard screen should focus on determining the absence of a lead-based paint 
hazard, rather than the presence of such a hazard and the risks it may pose to building occupants. 

In the lead hazard screen a visual inspection is conducted. Deteriorated paint is sampled 
and two composite dust samples are coilected, one from the floor and the other from the window 
troughs in locations where one or more children, age 6 and under, are most likely to come in 
contact with dust. Paint and dust samples are analyzed. A hazard screen report and 
recommendations if appropriate are provided for the owner. See Table B-2 for a comparison of 


the lead hazard screen with a full risk assessment and a paint inspection. 
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B4.0 LEAD-BASED PAINT INSPECTION 

Lead-based paint inspections can be performed by either a certified inspector technician 
or a certified risk assessor. Inspections measure the concentration of lead in paint on a surface- 
by-surface basis. Inspections results enable the owner to manage all lead-based paint, since the — 
exact locations of the lead-based paint have been identified. However, the inspection does not 
determine whether the paint presents an immediate hazard. The collection of dust and soil 
samples is not part of a routine paint inspection. Thus, if a risk assessment is not performed 
along with the paint inspection, a full determination of the location and natures of all lead-based 
_ paint hazard cannot be made. In addition, no hazard control measures can be suggested by the 
inspector. 

A paint inspection is the preferred evaluation method when an owner has decided to abate 
all lead-based paint or when there is a low expectation of the presence of lead-based paint. 
Inspections are also appropriate when extensive renovation that is about to occur will disturb 
painted surfaces. 

The recommended method for measuring the lead level in paint is with a portable XRF 
instrument manufactured for paint analysis. The use of paint-chip sampling and laboratory 
analysis is secondary because it is time-consuming, costly, and requires extensive repairs of 
painted surfaces. In a residential dwelling and child occupied facility, each component with a 
distinct painting history and each exterior component with a distinct painting is tested for lead- 
based paint, except those components known to have been replaced after 1978, or do not contain 
lead-based paint. Paint is defined to be lead-based if the lead content equals or exceeds either 1.0 
mg/cm? or 0.5% by weight. An inspection report is prepared to include allthe relevant 
information, i.e., method of testing, locations, the results of the inspection in terms of the 
appropriate sampling method. See Table A-2 for a comparison of activities that must be 
performed for a lead-based inspection with the activities in a lead hazard screen and a risk 


assessment. 
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B5.0 RISK ASSESSMENT/INSPECTION 

It is sometimes advisable to conduct a risk assessment and paint inspection. By 
combining measurements of soil and dust with surface-by-surface paint analysis, and collecting 
maintenance and management data, lead-based paint hazards can be identified in a 


comprehensive fashion and addressed appropriately. 
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APPENDIX C 
Risk Assessor Cost Questionnaire 


C-1 


COST EVALUATION OF LEAD RISK ASSESSMENT, LEAD HAZARD SCREEN, 
INSPECTION, AND RISK ASSESSMENT/INSPECTION 





INFORMATION TO BE FILLED IN PRIOR TO MAKING PHONE CALL 
DATE: PARTICIPANT ID: 


NAME OF COMPANY: 





STREET ADDRESS: 


CITY, HST: LLL_J zip:L te | | | J-LIL I 


CONTACT PERSON: 








POSITION: 





TELEPHONE NUMBER: Gas Lit J-Ltt 1 J ext. | 
GREETING 


Hello, my name is and I’m calling from the Battelle Memorial Institute in Columbus, 
Ohio. We are doing a study with the Environmental Protection Agency to assess the capacity of the Section 402 lead risk 
assessment protocol to protect the health of children in housing containing lead based paint and to assess the value of 
different risk assessment protocols in light of costs. Part of our task involves contacting contractors in various 
communities and asking them to participate in a brief evaluation regarding the cost of conducting a lead risk assessment, 
lead hazard screen, inspection, or risk assessment/inspection. Would you have 5-10 minutes to answer some questions? 
For your participation, you will receive a summary of the results from this survey within 6 months of its completion. The 


summaries would allow you to assess how your costs compare to other contractors. Can | ask you the questions? 


L] Yes 
LJ] No 


Reason for not participating: 











INTERVIEWER: 





TOTAL TIME FOR INTERVIEW: 


A. INITIAL CONSULTATION 


A1. Do you have a charge for initially coming to a YES) so deudus Shade Reve ees ear 22% (n=9) 
home to consult with the owner about the NO ..... {Go to question B1} .... 78% (n=9) 
property and whether a risk assessment, 
hazard screen, inspection, orrisk 
assessment/inspection should be conducted? 


A2. Do you have different consultation fees for VES: o duise-\ ape dan casntied ceases 0% (n=2) 
different expected activities? NO ..... {Go to question B1} .... 100% (n=2) 
A3. What are your consultation fees for a: a. Risk Assessment -__(n=0) (-—:) 


b. Lead Hazard Screen -__(n=0) (-—') 


c. Inspection -__(n=0) (:—:) 


—d. Risk Assessment/ 


Inspection -_(n=0) (--:) 
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B. FULL RISK ASSESSMENT 


The next few questions are specific to performing a FULL RISK ASSESSMENT only. Assume that you are at the 


home to perform the risk assessment. 


B1. Do you have a basic fee for performing a full 
risk assessment or does your fee depend on — 
the activities performed? 


BASIC FEE INFORMATION 


B2. What is your basic fee for a 
risk assessment? 


B3. a. Is there a Visual Inspection 
included in the Basic Fee? 


b. What is the additional fee to 
perform a Visual Inspection? 


B4. a. IsaRisk Assessment Report 
included in the Basic Fee? 


b. What is the additional fee for the 
_ Risk Assessment Report? 


BS. Is Environmental Sampling 
included in the Basic Fee? 


a. BasicFee .................. 44% (n=9) 
{Go to question B2} 


b. Separate Fees for each activity ... 56% (n=9) 
{Go to question B10} 


$422.50 (n=4) ($190-$900) 


Yes .... 100% (n=4) ...... {Go to B4} 
No ..... 0% (n=4) 


(n=0) (:—-) | 


Yes .... 100% (n=4) ..... {Go to B5} 
No ..... 0% (n=4) 


(n=0) (- —:) 


Yes ....... 90% (n=4) ... {Goto B6} 
No ...... 90% (n=4) ... {Goto B9} 


B. FULL RISK ASSESSMENT (Continued 





B6. How many and what type of environmental samples are collected for the basic fee (i.e., the average number of 
samples collected)? 


Location 


Type of Sample or No. of Samples 
Method of Collection (Check Collected | 


a. Soil —— 13 = (n=1) (3-3) 
LJ Scoop f° (n=0) (=) 
b. Dust | [_] Single Samples 6 (n=2) (5-8) 
[_] Composite Samples *  (n=0) ("=") 
| Floor [_] Single Samples | (-') | 
CJ Composite Samples 





Cc. 
d. Window Sill [] Single Samples . : (n=0) (: ia -) 
CJ Composite Samples ; (n=0) (=?) 
e. Window Well [-] single Samples (n=0) = 
[_] Composite Samples (n=0) C=) 


| f. XRF | 225 (n=1) (200-250) 
| | g. Paint Chips—Single Samples __ * (n=O) (--') 
| | h. Paint Chips — Composite (n=0) (-—-) 
| | Samples 


oe ee See 






j. Other Optional Samples 









Dust: 6-8 
Paint: If needed. If paint peeling, will take a single. Varies. 200-250. 
Soil: If needed. 





Water: If needed. 





B7. If more samples are required, do you have . NOS sanaatnes 100% (n=2) .... {Go to B8} 
incremental costs for each additional sample? NOU ceceseend 0% (n=2).... {Goto C7} 







B. FULL RISK ASSESSMENT (Continued) 





B8. What are the incremental costs : 


Collection Total Cost of 


| | Cost Per Analysis Cost/ Environmental 
| Medium — | Type of Sample Sample Samples 


| a. “Single | 7 - (n=0) $7.50 (n=2) $7.50 (n=2) 
¢-)) ($5-$10) ($5-$10) | 
: I. porneele:. - (n=0) - (n=0) - (n=0) 
| C=) (<==) C=) 
| Soil c. Composite - (n=0) $7.50 (n=2) $7.50 (n=2) 
ae | (-+) ($5-$10) ($5-$10) 
| | d. XRF - (n=0) ae (n= i 
c=) = 
Te. Paint Chips — Single Samples - (n=0) $5 (a5) $5 (n=1) 
(=) ($5-$5) ($5-$5) 
¢ = ¢ = 5 
g. Water + (n=0) $7. 50 Aiea, $7.50 (n=2) 


($5-$10) 
| h. Other Optional Samples 










-_ 
| 
~~ 





(COMPLETED SECTION B — GO TO QUESTION C1) 
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B. FULL RISK ASSESSMENT (Continued 





BO. What are the additional fees for performing environmental sampling? 


| No. of 
a. Single 4 (n=2) $10 (n=1) | $15 (n=2) $100 (n=2) 
| (3-8) ($10-$10) ($11-$15) ($45-$200) 
Dust : 
” b. Composite | 6 (n=1) $10 (n=1) $150 (n=1) 
(3-8) ($10-$10) | ($15-$15) ($75-$200) 
c. Composite 2 (n=2) $15 (n=1) $42.50 (n=2) 
Me (1-4) ($15-$15) | ($10-$15) ($15-$120) 
d. XRF - (n=0) - (n=0) - (n=0) - (n=0) 
(---) (--—-) (---) (--:) 
e. Paint Chips — Single Samples - (n=0) - (n=0) - (n=0) - (n=0) 
(--°:) (---) (-—:) (--—-) 
f. Paint Chips — Composite - (n=0) -(n=0) | -(n=0) + (n=0) 
| Samples (---) (--—-) (-—:) (--- 


h. Other Optional Samples 


Total Cost of 
Environmental 
Samples 


Collection 
Cost Per 
Sample 


Analysis 
Cost/ 
Sample 





1(n=1) | $15 (n=1) | $12.50 (n=2) 
(1-1) ($15-$15) ($10-$15) | ($10-$15) | 
: (2-4) ($15-$15) ($10-$10) ($50-$100) 





















(COMPLETED SECTION B — GO TO QUESTION C1) 


SEPARATE FEE FOR EACH ACTIVITY 

What is the overall cost for 
B10. A Visual Assessment $272 (n=5) ($150-$500) 
Bi1. ARisk Assessment Report $282 (n=5) ($50-$500) 
B12. Typical Environmental Sampling $260 (n=5) ($41.50-$1000) 
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B. FULL RISK ASSESSMENT (Continued 





B9. What are the additional fees for performing environmental sampling? 


Collection Analysis 
No. of Cost Per Cost/ 
Type of Sample Samples Sample Sample 


a. Single 4 (n=2) $10 (n=1) $15 (n=2) 
(3-8) ($10-$10) ($11-$15) 


b. Composite 6 (n=1) $10 (n=1) $15 (n=1) 
(3-8) ($10-$10) ($15-$15) 

c. Composite 2 (n=2) $15 (n=1) $12.50 (n=2) 
(1-4) ($15-$15) ($10-$15) 


d. XRF - (n=0) - (n=0) - (n=0) 


C-) [| C7) (‘—*) 


e. Paint Chips — Single Samples - (n=0) > (n=0) - (n=0) 
(—") C=) (=) 


Soil 


f. Paint Chips — Composite - (n=0) | - (n=Q) - (n=0) 
Samples (-- +) (-— >) C=) | 


| g. Water | 1 (n=1) $15 (n=1) | $12.50 (n=2) 


(1-1) ($15-$15) ($10-$15) | 


h. Other Optional Samples 







$150 (n=1) 
($75-$200) 


ee Te [ees | 
(2-4) ($15-$15) | ($10-$10) ($50-$100) 


(COMPLETED SECTION B — GO TO QUESTION C1) 


SEPARATE FEE FOR EACH ACTIVITY 


What is the overall cost for 


B10. A Visual Assessment $272 (n=5) ($150-$500) 
B11. ARisk Assessment Report $282 (n=5) ($50-$500) 
B12. Typical Environmental Sampling 9260 (n=5) ($41.50-$1000) 





B15. What are the incremental costs? 






Total Cost per 
Environmental 
Samples 


| veo) | g21.50(n=5) | $21.50(n=5) 
-(n=0) |  -(n=0) ~~ | - (n=0) | 

_ | _ | a | 
| Soil | c. Composite | - (n=0) 7 $20 (n=3) . $20 (n=3) | 
| | _ ee a 2) 
d. XRF - (n=0) | (n=0) : (n=0) | 
Se A A ae SO nt 






Collection 
Cost Per 
Sample | Sample 
















| Analysis Cost/ | 





Medium _ Type of Sample 







a. Single 






| Dust aaa 
| b. Composite 











Paint 


; 
e. Paint Chips — Single Samples - (n=0) | $20.58 (n=3) | $20.58 (n=3) 
(--:) | ($16.50-$25) | — ($16.50-$25) 
f. Paint Chips - Composite Samples - (n=0) : - (n=0) , - (n=0) 
— a ey 
_ =) | 15815) | 615: 


$15 (n=1) 
($15-$15) 


| h. Other Optional Samples 


(COMPLETED SECTION B — GO TO QUESTION C1) 


Cc. 
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LEAD HAZARD SCREEN 


C1. 


Do you have a basic fee for performing a 
lead hazard screen or does your fee depend 
on the activities performed? 


BASIC FEE INFORMATION 


C2. 


C3. 


C4. 


C5. 


What is your basic fee for a 
Lead Hazard Screen? 


a. Is there a Visual Inspection included in the Basic 
Fee? 


b. What is the additional fee to 
perform a Visual Inspection? 


a. Is a Risk Assessment Report included in the Basic 
Fee? 


b. What is the additional fee for the 
Risk Assessment Report? 


Is Environmental Sampling 
included in the Basic Fee? 


a. Basic Fee 62% (n=8) 


{Go to question C2} 


b. Separate Fees for each activity ... 38% (n=8) 
{Go to question C10} 


$157.50 (n=4) ($90-$200) 


100% (n=5) 
0% (n=5) 


{Go to C4} 


‘ (n=0) (<e*) | 


Yes .... 100% (n=5) {Go to C5} 


No .... 0% (n=5) 


‘ (n=0) (-—:) 


100% (n=5)... 
0% (n=5) .. 


{Go to C6} 
{Go to C9} 


-ll- 


C. LEAD HAZARD SCREEN (Continued 





C6. How many and what type of environmental samples are collected for the basic fee (i.e., the 
average number of samples collected? 


| Type of Sainpiet or | 
| Location Method of Collection (Check) | No. of Samples 

Dust : Single Samples 9 (n=1) (8-10) | 
L_] Composite Samples (n= ie C4 ) | 

b. Floor fat Single Samples (n=0) any | 

[_] Composite Samples (n= 2a =) | 

c. Window Well z Single Samples (n=0) (-—-) | 
L_] Composite Samples (n=0) (a : 


Paint | 10 (n=1) (10-10 
| f. Paint Chips — Single Samples (n=0) _ (“—- 


. Paint Chips — Composite Samples 


. 
| 
. 
— 


h. Other Optonel Sanne 


Dust: For an average 3 bedroom home. 
Paint: 3 samples per room being screened. No additional costs. Whatever necessary. 


Soil: For an average 3 bedroom home. 





C7. If more samples are required, do you have VCS oes en eee 20% (n=5)..... {Go to C8} 
incremental costs for each additional sample? NO: 224 Sead ean 80% (n=5)..... {Go to D1} 
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210% 





C. LEAD HAZARD SCREEN (Continued) 


What are the incremental costs ? 


Collection | | Total Cost per | 
Cost Per Analysis Cost) | Environmental | 
Medium Type of Sample Sample © | Samples _ | 
a. Single - (n=0) $10 (n=1) $10 (n=1) 
| (-—-) ($10-$10) ($10- $10) 
| Dust 
! b. Composite. ie . Ns 0) - (n=0) 
| a os 
= a 
| k : a ($12- $12) ($12- $12) 
| | d. XRF (n=0) - (n=0) (n= ® 
aes C=) (=) 
e. Paint Chips — Single Samples - (n= 0) - (n=0) i : 
= C=) 
: ¢ oa “) ¢ — -) | ¢ 7 -) 


| g. Other Optional Samples 









| Paint: Free 


(COMPLETED SECTION C — GO TO QUESTION D1) 


ee 


Cc. LEAD HAZARD SCREEN (Continued 





C9. Whatare the additional fees for performing environmental sampling? 


| I a | _ “Collection | 
| No. of Cost Per 
| Dust a. Composite - (n=0) - (n=0) - (n=0) - (n=0) 
| __ _t-) Cay) (>) 
| Soil | b. Composite - (n=0) - (n=0) -(n=0) | — + (n=0) 
c. XRF - (n=0) - (n=0) - (n=0) - (n=0) 
| | a) im") =) =") 
Paint d. Paint Chips — Single Samples - (n=0) - (n=0) - (n=0) - (n=0) 
(: acs ) ( = ‘) ( = ‘) : C — ‘) | 
e. Paint Chips —- Composite _ -(n=0) - (n=0) -(n=0) | - (n=0) 
| | (-) (-) | ¢-) C-) 


Analysis | Total Cost per | 





Cost/ | Environmental 
Sample Samples 





| f. Other Optional Samples 





(COMPLETED SECTION C — GO TO QUESTION D1) 


SEPARATE FEE FOR EACH ACTIVITY 


What is the overall cost for 


C10. A Visual Assessment $175 (n=2) ($150-$200) 
C11. AHazard Screen Report $200 (n=2) ($150-$250) 


C12. Typical Environmental Sampling $200.25 (n=2) ($175.50-$225) 
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C. LEAD HAZARD SCREEN (Continued 





C13. What are the individual environmental sampling costs for 


Collection Total Cost per 





Type of Sample Samples Sample Saniple | Samples 
Dust a. Composite 6 (n=1) - (n=0) $20 (n=1) $120 (n=1) 
(6-6) (-—-) ($20-$20) ($120-$120) 


No. of Cost Per | Analysis Cost/ | Environmental 


c. XRF - (n=0) - (n=0) - (n=0) - (n=0) 
(--—-) (---) (--—:) (-—-) 
5.75 (n=2) | -(n=0) | $21.75 (n=2) | $122.63 (n=2) 
Samples | (3-10) (“-: ($18.50-$25) ($55.50-$185) 
e. Paint Chips — Composite - (n=0) - (n=0) - (n=0) - (n=0) 
Samples (‘-:) (-—-) (--:) (-—-) 


f. Other Optional Samples | | 
Dust Single 4 (n=2) - (n=0) $22.5 (n=2) $85 (n=2) 
(2-6) ((-—-) |  ($20-$25) ($50-$120) 


Paint: Varies depending on home circumstance. 


Soil b. Composite 2 (n=1) - (n=0) $25 (n=1) | $50(n=1) | 
(2-2) (-—:) ($25-$25) ($50-$50) 








C14. If more environmental samples are Yes... 100% (n=2) .. {Go to C15} 
required do you have incremental costs No .... 0% (n=2) ... {Goto D1} 
for each additional sample? 
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-15- 





C. LEAD HAZARD SCREEN Continued 


C15. What are the incremental costs? 


b. Composite | 


d. Paint Chips — Single Samples oo 


e. Paint Chips — Composite Samples | 





Single | (n=O) 
| _ Ca 





(COMPLETED SECTION C — GO TO QUESTION D1) 





Collection 
Cost Per 
Sample 


(n=0) 
C2) 


* (n=0) 
a 


+ (n=0) 
Saag) 


| 













Sample 


|. (n=0) 
Se ee 
| ($18.50-$25) | 


Ea 
| ($25-$25) 






: Analysis Cost/ | 


__($20-$20) _($20-$20) 


Total Cost per 
Environmental 
Samples 





ene EOE), | 
- (n=0) | 

mai : a ) : J 
$21.75 (n=2) | 
($18.50-$25) | 


(n=0) 7 * (n=0) | * (n=0) 





$22.50 (n=2) | 
($20-$25) | 





$22.50 (n=2) | 
— ($20-$25) | 
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D. INSPECTION 


D1. Do you have a basic fee for performing an Qi; ‘BOSICRCC guetit ss cwanaoade 67% (n=9) 
inspection or does your fee depend on the {Go to question D2} 
activities performed? 
b. Separate Fees for each activity ... 33% (n=9) 


{Go to question D10} 
BASIC FEE INFORMATION 
D2. What is your basic fee for | 
an Inspection? | $300 (n=6) ($125-$600) 
D3. a. Istherea Visual Inspection included in the Yes .... 100% (n=9) .... {Goto D4} 
Basic Fee? 2 eG NO sse2 0% (n=9) 
b. .What is the additional fee to | | 
perform a Visual Inspection? -__(n=0) (-—:) 
D4. a. IsaRisk Assessment Report included Yes .... 83%(n=6) ..... {Go to D5} 
in the Basic Fee? No ..... 17% (n=6) 
b. What is the additional fee for the 
Risk Assessment Report? -_(n=O)(-—:) 
D5. Is Environmental Sampling included — Yes .... 83%(n=6) ..... {Go to D6} 


in the Basic Fee? No ..... 17% (n=6) ..... {Go to D9} 


ae ee 


D. INSPECTION (Continued 





D6. | How many and what type of environmental samples are collected for the basic fee (i.e., the average number 
of samples collected)? | 7 


Pe <r 
Method of Collection (Check) No. of Samples 
a 


d. Other Optional Samples 





Dust: 3-4 where children play. 
Paint: As many as needed. 
As necessitated, usually 10. 
For modest 3 bedroom, 200-250 reading. 


D7. If more samples are required, do you have Yes .... 40%(n=5) ..... {Go to D8} 
incremental costs for each additional No ..... 60% (n=5) ..... {Go to E74} 
sample? 
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D. INSPECTION (Continued 











D8. What are the incremental costs? 
Total Cost Per 
Cost Per Cost/ Environmental 


en Type of Sample Sample Sample Samples 
a. XRF - (n=0) nee = 7 
=") 

foul b. Paint Chips — Single Samples a - (n=0) : (n=0) 
Surface-by- Bos ok 
Surface 
c. Paint Chips — Composite Samples - (n=0) 

(2) c=) 


Dust - (n=0) $10 (n=2) $10 (n=2) 
C=) ($5-$15) ($5-$15) 

| Soil | -(n=0) | $15 (n=1) $15 (n=1) 
(--:) ($15-$15) ($15-$15) 

Water - (n=0) $15 (n=1) $15 (n=1) 
(--) | (615-$15) ($15-$15) 


Dust: Only charge if more than 3-4 addition. 









| Collection Analysis 















(COMPLETED SECTION D — GO TO QUESTION E1) 
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D. INSPECTION (Continued 


D9. What are the additional fees for performing environmental sampling? 


Collection Analysis Total Cost per 
No. of Cost Per Cost/ Environmental 
| Type of Sample Samples Sample Sample | Samples 
Paint Surface- (02:02) (-)) —) Saat 
by-Surface b. Paint Chips — Single Samples - (n=0) - (n=0) - (n=0) 
(--—-) (--—:) (-—:) (--—:) 


c. Other Optional Samples — 








(COMPLETED SECTION D — GO TO QUESTION E1) 


SEPARATE FEE FOR EACH ACTIVITY 


What is the overall cost of 


D10. AVisual Assessment $490 (n=3) ($200-$750) 
D11. An Inspection Report $380 (n=2) ($260-$500) 


D12. Typical Environmental Sampling $348.67 (n=3) ($18.50-$750) 


D. 
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D13. What are the individual environmental sampling costs for 


Collection | | Total Cost per 
No. of Cost Per Analysis Cost/ Environmental 
Type of Sample ‘Samples Sample - | Sample a Samples 
a. — - (n=0) - (n=0) | - (n=0) 
Paint — (-—°) (=<) 


(-") 


Surface-by- | 
| Surface b. Paint eeteel Single 35.83 (n= 3) | - (n=0) $20.67 (n= 3) ~ $727.92 (n=3) 
Samples (15-50) ¢- ) ($18.5 50- 0-$25) - ($277.50-$925) 


c. Other Optional Samples 






Paint Surface-by-Surface: Varies depending on home circumstances. 


D14. If more environmental samples are Yes... 100% (n=3) .. {Goto D15} — 
required do you have incremental costs No .... 0% (n=3) ... {Goto E71} 
for each additional sample? 
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D. INSPECTION (Continued 


5. What are the incremental costs? 
| Total Cost per 
Analysis Cost/ Environmental 
Type of Sampie. Sample Samples 


a. XRF | - (n=0) - (n=0) 
(--°) C=). 
Surface b. Paint Chips — Single Samples $20.67 (n=3) $20.67 (n= 3) 
| ($18.50-$25) ($18.50- $25) _ 


c. Other Optional Samples 





Paint Surface-by- 





(COMPLETED SECTION D — GO TO QUESTION E1) 


S90. 


E. RISK ASSESSMENT/INSPECTION 


E14. 


EZ. 


Is the cost of performing a combination risk 
assessment/inspection different from the 
cost of the risk assessment plus the cost of 
the inspection? 


Do you have a basic fee for performing a 
combination risk assessment/inspection? 
Does your fee depend on the activities _ 
performed? 


BASIC FEE INFORMATION 


ES. 


E4. 


ES. 


E6. 


What is your basic fee for a Risk 
Assessment/Inspection? — 


a. Is there a Visual Inspection included in the 
Basic Fee? 


b. What is the additional fee to 
perform a Visual Inspection? 


a. Is a Risk Assessment Report 
included in the Basic Fee? 


b. What is the additional fee for the 
Risk Assessment Report? 


Is Environmental Sampling 
included in the Basic Fee? 
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VOCS 2204 c5arca Aer e tee ere -.... 89% (n=9) 
No .... {Conclude Interview — 
Go to Last Page} ......... 11% (n=9) 
a. Basic Fee.............. eee 62% (n=8) 
{Go to question E3} 
b. Separate Fees for each activity .... 38% (n=8) 
{Go to question E11} 


$886.25 (n=4) ($190-$1905) 


100% (n=5) 


Aa {Go to E5} 
0% (n=5) , 


° (n=0) (==) 


100% (n=5) 
0% (n=5) 


{Go to E6} 


‘ (n=0) (=>) 


{Go to E7} 
{Go to E10} 


80% (n=5) 
20% (n=5) ...... 


E. 


eee 


RISK ASSESSMENT/INSPECTION (Continued 





E7. How many and what type of environmental samples are collected for the basic fee (i.e., the average number 
of samples collected)? 


Type of Sample or 
| Location Method of Collection (Check) | No. of Samples 
| a. Soil — (n=3) (1- 5) | 
[-] Composite (n=0)) = (--") | 
: Single Samples i (n=1) (10-10) 
L_] Composite Samples (n=1) (2-2) 
c. Floor _ Single Samples = -—-) | 
L] Composite Samples - 





d. Window Sill [_] Single Samples . (n=0) (: —_ -) 
[-] Composite Samples * — (n=0) =) 

e. Window Well C Single Samples (n=0) (-—-:) 
_|£] Composite Samples (n=0) (Ce) 





Paint f. XRF (n=0) C=) 
a g. Paint Chips - Single Samples EE (n=2) Ge -30) | 
ae h. Paint Chips — Composite Samples | (n= 0) ((-—-) | 


Other Optional Samples 


Paint: As many as necessary. If paint is peeling. 
Soil: If needed. 
Water: If needed. 








E8. If more samples are required, do you have VS cient cee le eos ee wees 100% (n=4) 
incremental costs for each additional No... {Conclude Interview — 
sample? Go to Last Page} ......... 0% (n=4) 
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E. RISK ASSESSMENTI/INSPECTION (Continued 









E9. What are the incremental costs ? 
Total Cost per 
Cost Per Analysis Cost/ Environmental 


Dust a. Single Sample ce 0) $13.75 (n=4) | $13.75 (n=4) 
| =) ($5-$25) _ ($5-$25) 
¢ - -) | 
Soil ro “Comoceie - (n=0) $13.75 (n=4) $13, 75 (n=4) 
=. ($5-$25) ($5-$25) 
Paint Surface-by- n _ ) ( a Z - e 
Surface 
e. Paint Chip (1 sample from ps ») $15 (n=2) $15 (n=2) 
| f. Other Optional Samples 


“(n= 0) $10 (n= 3) Us 3) 


| Paint Surface-by-Surface: Additional samples are free. 







Collection 
















(COMPLETED SECTION E — CONCLUDE INTERVIEW — GO TO LAST PAGE) 
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E. RISK ASSESSMENT/INSPECTION (Continued) 








E10. What are the additional fees for performing environmental sampling? 


| ; ' c. Composite 1 (n=1) 









Collection Analysis Total Cost per 
Cost Per Cost/ Environmental 









| | | No. of 
ee 
| a. Single Sample | 5 (n=1) -(n=0) | $15(n=1) | $75 (n=1) 
ae oe ae OO) ee) 
| b. Composite Sample - (n=0) -(n=0) - (n=0) | 
es on i 
-(n=0) | $15(n=1) | $15 (n=1) 
=) | 15-815) | ($15-$15) 
‘(n=0) =| — - (n=0) - (n=0) 
t=) | te) ft) 







Medium 


—. - 


|e. Paint Chip (1 sample 
from each component 
in a room) 


| Paint Surface-by- 
Surface 























| f. Other Optional Samples 
| Water | Single 1 (n=1) | - (n=O) | 


| Paint Surface-by-Surface: No additional fee. 


: ($15-$15) ($15-$15) | 









(COMPLETED SECTION E — CONCLUDE INTERVIEW — GO TO LAST PAGE) 


SEPARATE FEE FOR EACH ACTIVITY 


What is the overall cost of 


E11. 


E12. 


E13. 


A Visual Assessment $650 (n=3) ($200-$1500) 


A Risk Assessment/ 


Inspection Report $312.50 (n=2) ($125-$500) 
Typical Environmental Sampling $694.17 (n=3) ($140-$1325) 
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E. RISK ASSESSMENT/INSPECTION (Continued 





E15. 













What are the individual environmental sampling costs for 
Total Cost per 
Cost Per Analysis Cost/ Environmental 


No. of 
| (7-25) (‘—:) ($20-$30) ($140-$750) 
| b. Composite Sample - (n= 0) -(n=0) | - (n=0) - (n=0) 
(2) (7) (a?) (C=) 
| Soil c. Composite 10 (n=1) - (n=0) $20 (n=1) $200 (n=1) 
" (10-10) (‘--) ($20-$20) ($200-$200) 
d. XRF 10 (n=1) - (n=0) - (n=0) - (n=0) 
(10-10) (=) (rs) (==) 


38.75 (n=2) $18.30 (n=2) | $710.63 (n=2) 
(15-50) ($16.5-$20) | ($277.50-$1000) 


Collection 





























Paint Surface- 
| by-Surface 



















e. Paint Chip (1 sample 
from each component 
in a room) 





f. Other Optional Samples 


Dust: Varies depending on home circumstance. 
| Paint: Varies depending on home circumstance. 





If more environmental samples are VOS c.o5.ee ney ey eae 100% (n=3) 
required do you have incremental costs for No.. 0% (n=3) .......... {Conclude 
each additional sample? Interview — Go to Last Page} 
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E. RISK ASSESSMENTIINSPECTION (Continued) __ 








E16. What are the incremental costs? 
Total Cost per 
Cost Per Analysis Cost/ Environmental 


ua Type of Sample Sample Sample Samples | 
Dust a. Single Sample (n=0) $22.50 (n=3) $22.50 (n=3) | 
| (=) ($20-$30) | ($20-$30) 






Collection 


b. Composite Sample - (n=0) - (n=0) - (n=0) 

| ((-: (--—:) | (--—:) 

c. Composite - (n=0) - (n=0) | - (n=0) 
| d. XRF - (n=0) | - (n=0) | - (n=0) 

¢-)) (-") (-") 


e. Paint Chip (1 sample $18.38 (n=2) $18.38 (n=2) 
from each component ($16.50-$20) ($16.50-$20) 


in a room) 











Paint Surface-by- 
Surface 














| f. Other Optional Samples 


(COMPLETED SECTION E — CONCLUDE INTERVIEW) 


CONCLUSION TO INTERVIEW 


| would like to thank you for participating in this evaluation. Let me just double check your address so we can send the 


results when they are available. {Go to first page.} 
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APPENDIX D 


Choices for a Risk Assessor 
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APPENDIX D 


Choices for a Risk Assessor 


As described in section 402 and summarized in Appendix A, by design a risk assessor is 
given the freedom to make sampling choices while performing a risk assessment. Listed below 
are the areas in which a risk assessor may make a choice. 


1. 


- Dust 


Types of samples taken or techniques used to collect the samples 


Dust Composite or single samples 
Soil Core or surface scrapings 
Paint XRF or bulk (paint scrapings) 


Sampling locations 


Dust Composite samples 


Single samples 


Sampling components 


Dust Composite samples 


Single samples 


Number of samples 


Composite samples 


Single samples 


Soil 


Child’s principal play area, kitchen, bedroom of 
youngest child between 6 months and 6 es of 
age, and bedroom of next oldest child 


Entry way (including porches), child’s principal 


_ play area, children’s bedrooms, kitchen, bathroom, 
~ other rooms 


Uncarpeted floors (carpeted if no uncarpeted floors 
available), interior window sills, window troughs 


Uncarpeted floors (carpeted if no uncarpeted floors 
available), interior window sills, window troughs 


3 or more composite samples; 2 to 4 single samples 
per composite 


6 or more single samples 


1 or 2 composite samples 


Performing a Lead Hazard Screen. 
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APPENDIX E 


Blood and Environmental 
Sampling Standards 
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APPENDIX E 


Blood and Environmental 
Sampling Standards 


The environmental levels (media standards) used to determine if a home passes or fails a 


risk assessment are based upon EPA's Section 403 Interim Guidance and Section 403 Proposed 


Rule on identification of lead-based paint hazards. The blood-lead concentration target levels are 


based on EPA’s Section 403 Interim Guidance and CDC’s recommendations. Listed below are 


_ the standards used in the analysis. 


Blood 


Dust 


Section 402 describes an elevated blood-lead level (EBL) as an excessive 
absorption of lead that is a confirmed concentration of lead in whole blood of 
20 pg/dL for a single venous test or 15 to 19 g/dL in two consecutive 
samples taken 3 to 4 months apart. The CDC elevated blood lead level is 
defined as 10 g/dL or greater. | 


The risk assessment standards for uncarpeted floors (or carpeted floors if 
uncarpeted floors are not available), window sills, and windows troughs are 


Floors = 100 p¢/ft? 
Window sills > 500 yg/ft? 
Window troughs > 800 pg/fi? 


for Section 403 Interim Guidance, and 


Floors = 50 pg/ft? 
Window sills > 250 pg/ft? 


for Section 403 Proposed Rule. 


No window trough standard was specified in Section 403 Proposed Rule. 


The lead hazard screen standards for uncarpeted floors (or carpeted floors if 
uncarpeted floors are not available), and window trough samples are 


Floors 2 50 pg/ft? 
Window sills > 250 p¢/fi? 
Window troughs > 400 g/ft? 


for Section 403 Interim Guidance, and 
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Floors > 25 pg/ft? 3 
Window sills > 125 pg/fit? 


for Section 403 Proposed Rule. 


Soil 


Paint 


The risk assessment standard for soil is > 5000 ppm for Section 403 Interim 


Guidance, and > 2000 ppm for Section 403 Proposed Rule 


~ Note: This is the lowest level at which any intervention is recommended. 


Section 402 defines lead-based paint as paint or other surface coatings that 


‘contain lead equal to or in excess of 1.0 mg/cm? or more than 0.5% by weight. 


Under the Section 403 Interim Guidance, any surface with deteriorated paint 
must be tested to see if there is lead-based paint. The Section 403 Proposed 
Rule requires that areas where 1) > 2 ft? deteriorated for large interior 
components; 2) > 10 ft? deteriorated for large exterior components; and 3) = 
10% of the surface deteriorated for small components must be tested for lead- 
based paint. | | 
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_ APPENDIX F 


Data Set Criteria 


The following are criteria to be used to evaluate the usefulness of available data sets in 


the assessment of section 402 risk assessment protocols. Optimally a data set will meet all the 


criteria. However, some analyses may not require all media. Therefore a data set may be 


accepted for analysis based on a subset of the criteria listed below. 


General Information 


[: 


Zz. 


Blood 


Dust 


Report the date of blood sampling. 
Report the date of environmental sampling. 


Report the length of time the child has lived in the home (3 or more months). 


Pre-intervention blood-lead concentration for at least one child in a home with the 
child’s age being between 6 months and 6 years. 


Report the blood sampling technique (venous puncture or finger stick) 


Report the lead loadings for the dust samples. 


All samples taken at the time of or following the blood sampling but prior to any 
intervention activities. © 


More than two sampling locations (children’s primary play area, kitchen, bedroom, 
etc.) 


Sampling components must include uncarpeted floors (carpeted floors if no 
uncarpeted floors available) or window sills. 
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Soil 


Paint 


_ Six or more single samples from components in at least two locations OR Multiple 


composite samples (at least two composite samples from uncarpeted floors or two 
from window sills. If uncarpeted floors cannot be sampled then at least two 
composite samples from carpeted floors). 


. Sampling technique must be wipe. 
. Report the lab analysis technique for the wipes 


. Report the LOD for the samples. 


. Report the lead levels for the soil samples. 


. All samples taken at the time of or following the blood sampling but prior to any 


intervention activities. 


. At least one composite sample from the child’s principal play area and a second 


composite sample from the buildings foundation. (Note: if it is reported that there is 
no bare soil then a soil sample will not be required). 


. Report the soil sampling technique (core or surface scraping). 


. Report ground covering information (Types of information include: bare, ground 


cover, % covered, etc.). Note: This is not a make or break requirement. This is the 
type of information a risk assessor will be collecting. If the information is not 
reported then an assumption might be made that the soil samples were taken from 
bare areas. 


. Report the lab analysis techniques for the composite soil samples. 


. Report the LOD for the samples. 


. Report the lead levels of the paint samples. 
. All samples taken prior to any interventions. 


. Report the sampling locations (interior or exterior first and then bedroom, living 


room, side of house, etc). 


. Report the components sampled (walls, window sills, window troughs, etc) and be 
able to associate with a sampling location. 


. Report the sampling technique (XRF or bulk (paint scrapings)). If paint chip 
sampling is used, report whether a composite sample or a single sample. 


. Report the condition of the paint (poor, % deteriorated or ft? deteriorated, etc.). 
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APPENDIX G 


Summary Tables and Figures 


Table G-1. Average Cost Per Sample and Average Number of Samples Collected for 
Sampling Performed by a Certified Risk Assessor During a Risk Assessment, 
Lead Hazard Screen, Inspection, and Risk Assessment/Inspection for Agency 
NE-1. 





Number of 


Cost Per Sample ($) 
Minimum Cost —- Maximum Cost 
Media — a of Sample Collection Cost Analysis Cost 


Samples 
Collected a 
a $15.00 $15.00 | 
$15.00 — $15.00 $15.00 — $15.00 | | 
Paint Paint Chips — : 
eee ig! 


Paint Chips — [Paint Chips - Single | 


Soil | Composite $15.00 $15.00 
a a ae —aa oe 









single 


Water $15.00 $15.00 
$15.00 - $15.00 $15.00 —- $15.00 ae 


* No cost was reported. 
The number of samples collected was not reported. 


Table G-2. Average Cost Per Sample and Average Number of Samples for Sampling 
Performed by a Certified Risk Assessor During a Risk Assessment, Lead 
Hazard Screen, Inspection, Risk Assessment/Inspection for Agency NE-2. 


_Type of Sample 


| Paint Paint Chips - 
Composite 










Cost Per Sample ($) 
Minimum Cost — Maximum Cost 


Collection Cost Analysis Cost | Total Cost | 


$10.00 $10.00 

$10.00 — $10.00 | | $10.00 - $10.00 | 6-10 
$10.67 $10. 67 

-—a "aa 
$10.00 $10.00 

| $10.00 — $10.00 | $10.00 — $10.00 | 







Number of | 
Samples 
Collected 






Paint Chips — Single — 
225 
| 200 - 250 


— 


a 
No cost was reported. 
The number of samples collected was not reported. 


Table G-3. Average Cost Per Sample and Average Number of Samples for Sampling 
| Performed by a Certified Risk Assessor During a Risk Assessment, Lead 
Hazard Screen, Inspection, Risk Assessment/Inspection for Agency NE-3. 


Cost Per Sample ($) 


Minimum Cost — Maximum Cost | 3 | Number of || 


Samples 
Type of Sample Collection Cost Collected 
| Dust — $10.00 $15.00 $25.00 5 A 
| ee ae $15. OO - $15.00 | $25. 00 - $25. 00 
| | Single $10.00 $15.00 $25.00 
$10.00 — $10.00 $15.00 —- $15.00 | $25. 00 — $25. 00 | 
| Paint Chips — 
Composite | 
} Soil | Composite $15.00 $10.00 $25.00 | 
$15. aa one) } $25. a —— 








single 


| Water $15.00 $10.00 $25.00 
$15.00 —- $15.00 | $10.00 - $10. OO | | $25. OO - $25. 00 | 


* No cost was reported. 
The number of samples collected was not reported. 


Table G-4. Average Cost Per Sample and Average Number of Samples for Sampling 
Performed by a Certified Risk Assessor During a Risk Assessment, Lead 
Hazard Screen, Inspection, Risk Assessment/Inspection for Agency NE-4. 


TPS of Sample 


eee 
Paint Paint Chips — 
Composite 
Paint Chips — Single | 10 
10-10 





Cost Per Sample ($) 
Minimum Cost - Maximum Cost 


Collection Cost —— Cost Total Cost 















Number of | 
Samples | 
Collected | 






3s ia 


* No cost was reported. 
The number of samples collected was not reported. 
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Table G-5. Average Cost Per Sample and Average Number of Samples for Sampling 
Performed by a Certified Risk Assessor During a Risk Assessment, Lead 
Hazard Screen, Inspection, Risk Assessment/Inspection for Agency S-1. 

Cost Per Sample ($) 


| | Minimum Cost — Maximum Cost 
: | | Samples 
Media | Type of Sample 


Collection Cost | Analysis Cost Total Cost Collected | 
Ce ete 


Single $27.50 $27.50 22.5 | 
| | $25.00 - $30.00 | $25.00 - $30.00 | 20-25 | 
























| Number of 








: Paint 


Soil 


= 


* No cost was reported. 
The number of samples collected was not reported. 


Table G-6. Average Cost Per Sample and Average Number of Samples for Sampling 
Performed by a Certified Risk Assessor During a Risk Assessment, Lead 
Hazard Screen, Inspection, Risk Assessment/Inspection for Agency S-2. 


Cost Per Sample ($) en : 
Minimum Cost —- Maximum Cost _- | Number of 


| | | = ; Samples 
Type of dell | Collection Cost Analysis Cost Total Cost Collected 
Se 


| Single $25.00 $25.00 
$25.00 — $25.00 | $25.00 - $25.00 - er | 
}} Paint Paint Chips — 
Composite 


Paint Chips ~ Sal Se a ae a oe 





a a 


Water _ a a en To ee 


° No cost was reported. 
The number of samples collected was not reported. 


| Soil per __ $25.00 $25.00 | 
= ae oe 00 - -_ sa OO | | $25. 00 - or “a | 
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Table G-7. Average Cost Per Sample and Average Number of Samples for Sampling 
Performed by a Certified Risk Assessor During a Risk Assessment, Lead 
Hazard Screen, Inspection, Risk Assessment/Inspection for Agency S-3. 




















| Cost Per Sample ($) © 
Minimum Cost — Maximum Cost 


Type of Sample | Collection Cost 
$20.00 $20.00 
$20.00 - $20.00 | $20.00 - $20.00 
$20.00 $20.00 
$20.00 - $20.00 | $20.00 - $20.00 


Number of 
Samples 
Collected 








i) Paint Paint Chips —- 
Composite 
Paint Chips - Single | ta) | a) | ta 
XRF ee ee ee 


7 
6-8 
Soil Composite $20.00 $20.00 | 10 
$20.00 - $20.00 | $20.00 - $20.00 10 - 10 


Single 


° No cost was reported. 
The number of samples collected was not reported. 


Table G-8. Average Cost Per Sample and Average Number of Samples for Sampling 
Performed by a Certified Risk Assessor During a Risk Assessment, Lead 
Hazard Screen, Inspection, Risk Assessment/Inspection for Agency W-1. 


Cost Per Sample ($) | | 
Minimum Cost - Maximum Cost | Number of | 


Samples | 
Type of Sample Collection Cost Analysis Cost Total Cost Collected | 
Fe eta 


Single $ 5.00 $ 5.00 | 4B 
$ 5.00 — $ 5.00 $ 5.00 — $ 5.00 3-5 
Paint Paint Chips - 
: Composite 





$ 5.00 $ 5.00 3 
$ 5.00 — $ 5.00 $ 5.00 - $ 5.00 3-3 


fa) = 
$ 5.00 $5.00 i 
$5.00 - $5.00 | $5.00 - $ 5.00 | _]| 


= a 


a 
No cost was reported. 
The number of samples collected was not reported. 





Table G-9. Average Cost Per Sample and Average Number of Samples for Sampling 
Performed by a Certified Risk Assessor During a Risk Assessment, Lead 
Hazard Screen, Inspection, Risk Assessment/Inspection for Agency W-2. 


Cost Per Sample ($) | os — 
peeerag penny Cost - ar aoe Cost Number of 


Samples 
tips of Sample | Collection Cost Cost | Analysis Cost Cost Total | Total cost | Collected 





Dust Composite $15.00 $15.00 
$15.00 — 15.00 | | $15.00 - $15.00 | 


$15.00 $15.00 
| $15.00 - $15.00 $15.00 - $15.00 | 
|| Paint Paint Chips - | 
Composite 
a 
. st 


Soil Composite $15.00 $15.00 
$15.00 - $15. 00 | | $15. 00 - - $15. of 


Water $15.00 $15.00 
$15.00 - $15.00 $15.00 - $15.00 | 


a 
No cost was reported. 
The number of samples collected was not reported. 


Table G-10. Sampling Protocol A: Assessment of the Impact of the Number of Rooms in 
Which Dust Wipe Samples are Collected on the Outcome of a Full Risk 
Assessment, Using the Interim Guidance Standards (XRF Paint Samples. from 
Surfaces With > 15% Deteriorated Paint). 


. _ Sampling Protocol Group gy 


re) A-2 A-3- 4 
| (4 Rooms) (3 Rooms) (2 Rooms) | 


[ # Homes Included in Analysis a oT a a ee eee 


| Number of Individual Dust Sariales: per 
| Home 





% of Homies in 1 Which rece: Based Paint 
|| Hazards Were Found : 
| (# Homes Below Standards / # Homes) , 7 


% of Blood Samples > 10 wg/dl 





| % of Homes in Which Lead-Based Paint Toe Were Found B38ed on Media Siandards 
| (# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


7 All Floors Ce Ee 6% (8/83 228 ee 2% (6/83 2a 4% (2/83) | 
Carpeted Floors Only _ 3. 9% (3/76) 3. 9% (3/76) _ 3% (1/75) | 
“Ainearpeted d Floors Or Only 7 7.3% 16/82) 3% (6/82) 6.9% (4/58) 3, A (1/29) 
| Window Sill — = 7% (18/83) % (18/83) 21 TH (18/83) 
=" ee a a aa er oe ae 
=" Seen ee ae [zene —— ere 
| ———Dripline Soil Only OO | 7.8% 16/77) 7.8% (6/77) | 78% | 8% (6/77 7.8% (6/77) 
_Piey Area Soil Onh a eo (40) | 0% (0/40) Pree (0/40) 
7 Paint (> 15% deteriorated) i a om 3% (28/31 | 90.3% (28/31) | 3% (28/31 | 90.3% (28/31)_| 3% (28/31 





| Performance Ghaiaetenanke. 


Sensitivity | 88.2% : 88.2% | 88.2% 
_(LCB, UCB) | (63.6%, 98.5%) | (63.6%, 98.5%) | (63.6%, 98.5%) 


Specificity | 16.7% T 18.2% | 18.2% 
(LCB, UCB) | (8.6%, 27.9%) |] (9.8%, 29.6%) | (9.8%, 29.6%) _ 


Positive Predictive Value | 21.4% —~*| 21.7% 21.7% 
(LCB, UCB) | (12.5%, 32.9%) | (12.7%, 33.3%) | (12.7%, 33.3%) 


masts Predictive Value | 84.6% | 85.7% 85.7% | 





Notes: 1. For 2, 3, and 4 rooms, respectively, 6, 7, and 8-9 dust wipe samples were obtained from floors, 
window sills, and window wells. Three core soil samples were taken on each side of the house (in 
general there were 12 core samples) and combined for a composite sample. Three XRF paint-lead 
measurements were taken from various surfaces, and the three measurements for each surface 
were averaged. 

2. See Table 5-3 for definitions of sampling protocols A-1, A-2, and A-3. 


Table G-11. Sampling Protocol A: Assessment of the Impact of the Number of Rooms in 
Which Dust Wipe Samples are Collected on the Outcome of a Full Risk 
Assessment, Using the Proposed Rule Standards (XRF Paint Samples from 
Surfaces With > 15% Deteriorated Paint). 


) Sampling Protocol Group A 7 Ss 
| AT : A-2 ee a 
(4Rooms) | (3Rooms) = | — (2 Rooms) 
| # Homes Included in Analysis | 83 


Number of Individual Dust Samples per 
Home 


% of Homes in Which Lead-Based Paint 
Hazards Were Found 


(# Homes Below Standards / # Homes 
% of Blood Samples 2 10 ywg/dL 20.5% 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


: All Floors 10.8% (9/83) 9.6% (8/83) 
Carpeted Floors Only 2.6% (2/76) 2.6% (2/76) 1.3% (1/75) 
Uncarpeted Floors Only 9.8% (8/82) 12.1% (7/58) 10.3% (3/29) 


Window Sill 28.9% (24/83) 28.9% (24/83) 28.9% (24/83) 














© 


W 









60.2% 59.0% 57.8% 





) 


4.8% (4/83) 


Window Well NA 


Soil (Average of average dripline 27.3% (21/77) 27.3% (21/77) 27.3% (21/77) 
and average play area) | | | 


Dripline Soil Only NA 
Play Area Soil Only | : NA 


Paint (> 15% deteriorated) | 90.3% (28/31) 90.3% (28/31) 90.3% (28/31) 


Performance Characteristics 


Sensitivity 82.4% 76.5% 76.5% 
(LCB, UCB) | (56.6%, 96.2%) (50.1%, 93.2%) (50.1%, 93.2%) 


| . Specificity : 45.5% | 45.5% | 47.0% 
| (LCB, UCB) | (33.1%, 58.2%) (33.1%, 58.2%) | (34.6%, 59.7%) 


| Positive Predictive Value | 28.0% 26.5% | 27.1% 
| (LCB, UCB) (16.2%, 42.5%) | (14.9%, 41.1%) | (15.3%, 41.8%) 


| Negative Predictive Value 90.9% 88.2% 88.6% 
| LCB, UCB 75.7%, 98.1% 72.5%, 96.7% 73.3%, 96.8% 





. For 2, 3, and 4 rooms, respectively, 6, 7, and 8-9 dust wipe samples were obtained from floors and 
window sills. Window well samples are not included in the Proposed Rule sampling scheme. Three 
core soil samples were taken on each side of the house (in general there were 12 core samples) and 
combined for a composite sample. Three XRF paint-lead measurements were taken from various 
surfaces, and the three measurements for each surface were averaged. 

2. See Table 5-3 for definitions of sampling protocols A-1, A-2, and A-3. 

3 NA indicates that these samples were not included in the analysis. 
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Table G-12. Sampling Protocol A: Assessment of the Impact of the Number of Rooms in 
Which Dust Wipe Samples are Collected, Using the Interim Guidance 
Standards (No Soil or Paint Sampling). 













“Sampling Protocol Group A. 


“Ades Le Ae ee Re | 
(4Rooms) | (3Rooms) | (2Rooms) _ | 
| # Homes Included in Analysis _ | 83 | | | 


Number of Individual Dust Samples / 
Homes 

















% of Homes in Which Lead-Based Paint 
Hazards Were Found 
(# Homes Below Standards / # Homes) 


% of Blood Samples > 10 yg/dL | 20.5% 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
| (# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


| All Floors 9.6% (8/83 7.2% (6/83) 2.4% (2/83) | 
| Carpeted Floors Only 3.9% (3/76 | 3.9% (3/76) 1.3% (1/75) ff 
| , 








) 
) 


Uncarpeted Floors Only 7.3% (6/82) | 6.9% (4/58) | 3.4% (1/29) 
Window Sill | 21.7% (18/83) 21.7% (18/83) | 21.7% (18/83) 


81.9% (68/83) 80.7% (67/83) 80.7% (67/83) 


Window Well 


Dripline Soil Only 
















a A 





Play Area Soil Only 


FS 






| Performance Characteristics 


Sensitivity 88.2% 88.2% 88.2% | 
















| (LCB, UCB) (63.6%, 98.5%) (63.6%, 98.5%) (63.6%, 98.5%) jj 
Specificity | 19.7% | 21.2% | 21.2% | 
(LCB, UCB) | (10.9%, 31.3%) | (12.1%, 33.0%) | (12.1%, 33.0%) 
Positive Predictive Value | 22.1 % 22.4% 22.4% 
(LCB, UCB) | (12.9%, 33.8%) (13.1%, 34.2%) (13.1%, 34.2%) 
Negative Predictive Value 86.7% | 87.5% 87.5% | 


_ (LCB, UCB) | (59.5%, 98.3%) (61.7%, 98.4%) (61.7%, 98.4%) || 
Notes: 1. For 2, 3, and 4 rooms, respectively, 6, 7, and 8-9 dust wipe samples were obtained from floors, 
window sills, and window wells. | 
2. See Table 5-3 for definitions of sampling protocols A-1, A-2, and A-3. 
3 NA indicates that these samples were not included in the analysis. 


Table G-13. Sampling Protocol A: Assessment of the Impact of the Number of Rooms in 
Which Dust Wipe Samples are Collected, Using the Proposed Rule Standards 
(No Soil or Paint Sampling). ok 











Sampling Protocol Group A 






-(2Rooms) | 


oe car. Sees o 
(3 Rooms) — | 


- (4Rooms) =| - 









# Homes Included in Analysis _ 
Number of Individual Dust Samples / 
Homes — 


| % of Homes in Which Lead-Based Paint 
| Hazards Were Found 
| (#4 Homes Below Standards / # Homes) 


| % of Blood Samples 2 10 yg/dL | 20.5 


1% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) | 


: Uncarpeted Floors Only 7 . | 
Window Sill | 
Window Well 























4.8% (4/83) 








9.8% (8/82) | 12.1% (7/58) | _ 10.3% (3/29) 


‘| 28.9 (24/83) 28.9% (24/83) | 28.9% (24/83) _|] 
NA 

























Soil (Average of average dripline | 
_and average play area) 





| Dripline Soil Only | 
| Play Area Soil Only — | 
[aint 


| Performance Characteristics _ er | _ 
| 64.7% : 58.8% | 58.8%  #£xi 
| (38.3%, 85.8%) | (32.9%, 81.6%) | (32.9%, 81.6%) | 







Sensitivity 
_{LCB, UCB) 
























Specificity 74.2% 74.2% | 77.3% | 
(LCB, UCB) CCCCCCC*d:« (62.0%, 84.2%) | (62.0%, 84.2%) | (65.3%, 86.7%) 
Positive Predictive Value 39.3% : 37.0% | 40.0% — 
_{LCB, UCB) ae | (21.5%, 59.4%) | (19.4%, 57.6%) | _ (21.1%, 61.3%) 
Negative Predictive Value 89.1% 87.5% 87.9% | 


(77.8%, 95.9%) | (75.9%, 94.8%) | (76.7%, 95.0%) 





_ (LCB, UCB) 


Notes: 1. For 2, 3, and 4 rooms, respectively, 6, 7, and 8-9 dust wipe samples were obtained from floors 
and window sills. Window well samples are not included in the Proposed Rule sampling scheme. 
2. See Table 5-3 for definitions of sampling protocols A-1, A-2, and A-3. 
3 - NA indicates that these samples were not included in the analysis. 


G-14 


Table G-14. Sampling Protocol B: Comparison of Various Methods of Characterizing Dust 
Wipe Samples Obtained in a Full Risk Assessment, Using the Interim 
Guidance Standards (XRF Paint Samples from Surfaces With > 15% 
Deteriorated Paint). 


a: 
| (Geometric Mean) | (Arithmetic Mean) (Maximum Value) _|j 


% of Homes in Which Lead-Based Paint 70.5% 78.6% 84.8% 
Hazards Were Found | | 
(# Homes Below Standards / # Homes) 

% of Blood Samples 2 10 wg/dL - 21.4% oe | 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 





Sampling Protocol Group B - | 


















snd re nosy | zm ros) | 7.0% 0s) 
[—peyaee sony —* cow ona | 00% 082 | oon oma) 


Performance Characteristics 


Sensitivity | 75.0% | 83.3% 91.7% | 
(LCB, UCB) (53.3%, 90.2%) | (62.6%, 95.3%) (73.0%, 99.0%) | 
Specificity | 30.7% 22.7% 17.0% | 
~ (LCB, UCB) (21.3%, 41.4%) | (14.5%, 32.9%) (9.9%, 26.6%) | 


- Positive Predictive Value 22.8% | 22.7% | 23.2% 
(LCB, UCB) (14.1%, 33.6%) | (14.5%, 32.9%) (15.1%, 32.9%) |i 


Negative Predictive Value 81.8% 83.3% 88.2% | 
(LCB, UCB) _ eee = (64.5%, 93.0%) (62.6%, 95.3%) (63.6%, 98.5%) _ |] 









Notes: 1. Floor, window sill, and window well samples were collected as dust wipes. All available dust 
samples (wipe) taken in the bedroom, play area, entryway, and kitchen were included in the 
analysis. Three core soil samples were taken on each side of the house (in general there were 12 
core samples) and combined for a composite sample. Three XRF paint-lead measurements were 
taken from various surfaces, and the three measurements for each surface were averaged. 
2. See Table 5-3 for definitions of sampling protocols A-1, A-2, and A-3. 


G-15 


Table G-15. Sampling Protocol B: Comparison of Various Methods of Characterizing Dust 
Wipe Samples Obtained in a Full Risk Assessment, Using the Proposed Rule 
Standards (XRF Paint Samples from Surfaces With > 15% Deteriorated 


Paint). 
| Sampling Protocol Group B “Fes 


| | (Gevinatae Mean) (Arithmetic Mean) (Maximum Value) 


| o% of Homes in Which Lead-Based Paint 56.3% 59.8% 
Hazards Were Found 
(# Homes Below Standards / # Homes} | | 
% of Blood Samples 2 10 yg/dL 21 4% | | 
| % of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards | 
(# of Homes Below Media Standards l# Homes i in Which pombe Were Collected) : 
All Floors 9. 4% (6/1 12) 8. 9% (10/1 12) 19. 6% (22/1 12) 
Carpeted Floors Only 2.9% ( (3/102) 2.9% (3/102) 4. 9% (5/102) 
Uncarpeted Floors Only 3. 7% (4/109) 7. 3% (8/109) 16. 5% (18/109) 
“Window sill 28. 6% (32/1 12) 32. 1% (36/1 12) 49. 1% (55/1 12) 


Window Well 


Soil (Average of average dripline | 27.6% (29/105) | 27.6% (29/105) | 27.6% (29/105) 
and average play area) : | 













Dripline Soil Only | NA 


Paint (> 15% deteriorated paint) 88.4% (38/43) | 88.4% (38/43) | 88.4% (38/43) 


| Performance Characteristics 


Sensitivity 83.3% | 87.5% 87.5% 
(LCB, UCB) (62. 6%, 95. 3%) (67. 6%, 97. 3%) (67. 6%, 7. 3%) 
“Sheeificig: 51. 1% 47. 7% 35. 2% 
(LCB, UCB) (40. 2%, 61 9%) (37.0%, 58.6%) (25. 3%, 46. 1%) 
“Positive Predictive Value 31.7% | 31.3% | 26. 9% 
(LCB, UCB) (20. 6%, 44.7%) (20.6%, 43.8%) | (17.5%, 38.2%) 
Negative Predictive Value 91.8% : 93.3% : 91.2% 
(LCB, UCB)" (80.4%, 97.7%) | (81.7%, 98.6%) | (76.3%, 98.1%) 


Notes: 1. Floor and eee sill samples were collected as dust wipes. Window well samples are not 
included in the Proposed Rule sampling scheme. All available dust samples (wipe) taken in the 
bedroom, play area, entryway, and kitchen were included in the analysis. Three core soil samples 
were taken on each side of the house (in general there were 12 core samples) and combined for a 
composite sample. Three XRF paint-lead measurements were taken from various surfaces, and 
the three measurements for each surface were averaged. 

See Table 5-4 for definitions of sampling protocols B-1, B-2, and B-3. 

NA indicates that these samples were not included in the analysis. 


saa 


Table G-16. Sampling Protocol B: Comparison of Various Methods of Characterizing Dust 
Wipe Samples, Using the Interim Guidance Standards (No Soil or Paint 
Sampling). 


% of fsnies i in Which Lead-Based Paint 
Hazards Were Found. 
| (4 Homes Below Standards / # Homes) 


% of Blood Samples = 10 wg/dL 21 4% 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which paibie® Were Collected) 


iT Se ana 
A a EA eS 
> 








| | Sampling Protocol Group B | 


csc Mean) (Arithmetic Mean} (Maximum Value) | : 












67. 9% 75.9% , 83.0% 








Performance Characteristics 





Sensitivity 70. 8% | 79.2% : 91. 7% 
(LCB, UCB) (48.9%, 87. 4%) | (57.8%, 92.9%) A73. 0%, 99. 0%) 
Specificity 33.0% 25.0% 19.3% 
(LCB, UCB) (23. 3%, 43.8%) (16.4%, 35.4%) (11 7%, 29. Maal 
Positive Predictive Value 22.4% 22.4% 23. 7% 
(LCB, UCB) (13. 6%, 33. 4%) (14.0%, 32.7%) | (15.5%, 33.6%) 
Negative Predictive Value 80.6% 81.5% 89.5% 
(LCB, UCB) (64.0%, 91.8%) | (61.9%, 93.7%) | (66.9%, 98.7%) 


Notes: 1. Floor, window sill, and window well samples were collected as dust wipes. All available dust 
samples (wipe) taken in the bedroom, play area, entryway, and kitchen were included in the 
analysis. 

2. See Table 5-4 for definitions of sampling protocols B-1, B-2, and B-3. 
3. NA indicates that these samples were not included in the analysis. 


Table G-17. Sampling Protocol B: Comparison of Various Methods of Characterizing Dust 
Wipe Samples, Using the Proposed Rule Standards (No Soil or Paint Samples). 





| | | | | iGeometic Mean) (Arithmetic Mean) | Meximum | Value) | 
[# Homes Included in Anaiysi A" 


| % of Hames in Which Lead-Based Paint 





i Hazards Were Found 31.3% 57.1% 


| (# Homes Below Standards / # Homes) 


| % of Blood Samples 2 10 ug/dL 21 A% | 


| 9% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
| (He of Homes Below Media Standards / # Homes in Which = Were Collected) 


ae mee AL Ee 


“Soil (Average of. average dripline and . NA | 
average play area) _ | | 


| Performance Chardetenstics’ 


Sensitivity 54.2% 62.5% : 75% 









(LCB, UCB) (32.8%, 74.4%) (40. 6%, 81. 2%) _ (53. 3%, 90. 2%) 
Specificity 75.0% ris 6% 47. 7% 
_(LCB, UCB) (64. 6%, 83. 6%) (61 0%, 80. TR) (37%, 58. 6%) 
Positive Predictive Value 37.1% 37.5% | 28.1% | 
(LCB, UCB) (21. 9%, 55.1%) | (22.7%, 54.2%) | (17.6%, 40.8%) | 
~ Negative Predictive Value 85.7% 87.5% 87.5% | 
_(LCB, UCB) (75. 9%, 92.6%) (77.6%, 94.1%) | (74.8%, 95.3%) I 

Notes: 1. Floor and window sill samples were collected as dust wipes. Window well samples are not 


included in the Proposed Rule sampling scheme. All available dust samples (wipe) taken in the 
bedroom, play area, entryway, and kitchen were included in the analysis. 

2. See Table 5-4 for definitions of sampling protocols B-1, B-2, and B-3. 

3. NA indicates that these samples were not included in the analysis. 


G-18 


Table G-18. Sampling Protocol Group C: Comparison of Full Risk Assessment Outcome 





to a Lead Hazard Screen Outcome, Using the Interim Guidance Standards 
(XRF Paint Samples From Surfaces With > 15% Deteriorated Paint). 







Sampling Protocol Group C 






(Lead Hazard Screen) | 


112 
83.0% 


— C-1 
Risk Assessment) _ 


112 
84.8% 


( 





# Homes Included in Analysis 


% of Homes in Which Lead-Based Paint Hazards 
Were Found 


(# Homes Below Standards / # Homes) 
% of Blood Samples = 10 wg/dL 21.4% 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


All Floors 8.0% (9/112) 8.9% (10/1 12) 


| Carpeted Floors Only 2.9% (3/102) 
Uncarpeted Floors Only | 7.3% (8/109) , 
Window Sill NA 
Dripline Soil Only | 7.7% (8/104) | 
; Play Area Soil Only } 9% (0/52) 


Paint (> 15% deteriorated paint) 88.4% (38/43) | 88.4% (38/43) | 


N 
ON 
N 


i 


Performance Characteristics 


Sensitivity 91.7% 87.5% 
(LCB, UCB) (73.0%, 99.0%) | (67.6%, 97.3%) | 
Specificity 17.0% | 18.2% | 
(LCB, UCB) (9.9%, 26.6%) (9.9%, 26.6%) | 


Positive Predictive Value 23.2% 22.6% 
(LCB, UCB) (15.1%, 32.9%) | (14.6%, 32.4%) 


Negative Predictive Value 88.2% | 84.2% 
(LCB, UCB) = (63.6%, 98.5%) (60.4%, 96.6%) | 


Notes: 1. Floor, window sill, and window well samples were collected as dust wipes. All available dust 


samples (wipe) taken in the bedroom, play area, entryway, and kitchen were included in the analysis. 
Three core soil samples were taken on each side of the house (in general there were 12 core 
samples) and combined for a composite sample. Three XRF paint-lead measurements were taken 
from various surfaces, and the three measurements for each surface were averaged. 

2. See Table 5-5 for definitions of sampling protocols C-1 and C-2. | 

3. NA indicates that these samples were not included in the analysis. 


G-19 


Table G-19. Sampling Protocol Group C: Comparison of Full Risk Assessment Outcome 
to a Lead Hazard Screen Outcome, Using the Proposed Rule Standards (XRF 
Paint Samples From Surfaces With > 15% Deteriorated Paint). 











Sampling Protocol Group C_ vB 


eG NE PN 
ee | (Risk Assessment) __ (Lead Hazard Screen) —_—| 
| # Homes Included in Analysis 112 


| % of Homes in Which Lead-Based Paint _ : 59.8% 44.6% 


| Hazards Were Found 
21.4% | 


(# Homes Below Standards / # Homes) 
| % of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
‘| (# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


: All Floors 8.9% (10/112) 4% (34/112) 
( 












% of Blood Samples 2 10 ywg/dL 





, | 9% | 30. 
[carpeted Roars ony | 2am anon | —roexcniioa 
| | Soil average of average dripline 
| and average play area) 

7 


Performance Characteristics 


| Sensitivity 87.5% 70.8% 
| (LCB, UCB) (67.6%, 97.3%) (48.9%, 87.4%) 
| — Specificity a 47.7% 62.5% 
| (LCB, UCB) (37.0%, 58.6%) (51.5%, 72.6%) 


Positive Predictive Value | 31.3% 34.0% i 
(LCB, UCB) | — (20.6%, 43.8%) (21.2%, 48.8%) 


Negative Predictive Value 93.3% 88.7% 
| (LCB, UCB) (81.7%, 98.6%) | (78.0%, 95.3%) 


Notes: 1. Floor and window sill samples were collected as dust wipes. Window well samples are not included 
in the Proposed rule sampling scheme. All available dust samples (wipe) taken in the bedroom, play 
area, entryway, and kitchen were included in the analysis. Three core soil samples were taken on 

~ each side of the house (in general there were 12 core samples) and combined for a composite 
sample. Three XRF paint-lead measurements were taken from various surfaces, and the three 
measurements for each surface were averaged. | 
2. See Table 5-5 for definitions of sampling protocols C-1 and C-2. 
3. NA indicates that these samples were not included in the analysis. 
















G-20 


Table G-20. Sampling Protocol B: Comparison of Various Methods of Characterizing Dust 
Wipe Samples, Using the Interim Guidance Standards (No Window Well or 
Paint Sampling). | 


| Sampling Protocol Group B | | 
Bl B20 : B-3 
(Geometric Mean) (Arithmetic Mean) (Maximum Value) 


# Homes Included in Analysis Es ce 


% of Homes in Which Lead-Based Paint _ | 22.3% 29.5% : 36.6% | 


| Hazards Were Found 
% of Blood Samples = 10 ywg/dL 21.4% 


| (# Homes Below Standards / # Homes) 
| % of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


Jac gins 1 aaa 
7.6% (8/105) 7.6% (8/105) | 7.6% (8/105) | 
7.7% (8/104) 7.7% (8/104) | 7.7% (8/104) || 
0% (0/52) 0% (0/52) | = 0% (0/52) | 


Performance Characteristics 


Sensitivity 33.3% 45.8% : 58.3% 
| — . (LCB, UCB) (15.6%, 55.3%) (25.6%, 67.2%) | (36.6%, 77.9%) 


Specificity 80.7% 75% | 69.3% 
— (LCB%, UCB) (70.9%, 88.3%) (64.6%,.0 83.6%) | (58.6%, 78.7%) | 


























a 





| —_—_- Positive Predictive Value 32.0% 33.3% | 34.1% | 

| (LCB%, UCB) (14.9%, 53.5%) | (18%, 51.8%) | (20.1%, 50.6%) | 

| Negative Predictive Value 81.6% | 83.5% : 85.9% 

| (LCB%, UCB) = | (71.9%, 89.1%) (73.5%, 90.9%) | (75.6%, 93%) | 
Notes: 1. Floor and window sill samples were collected as dust wipes. All available dust samples (wipe) 


taken in the bedroom, play area, entryway, and kitchen were included in the analysis. Three 
core soil samples were taken on each side of the house (in general there were 12 core 
samples) and combined for a composite sample. 

See Table 5-4 for definitions of sampling protocols B-1, B-2, and B-3. 

NA indicates that these samples were not included in the analysis. 
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Table G-21. Sampling Protocol Group B: Comparison of Various Methods of 
Characterizing Dust Wipe Samples, Using the Proposed Rule Standards (No 
Window Well or Paint Samples). 










. Sampling Protocol Group B 








# Homes Included in Analysis 112 112 112 







% of Homes in Which Lead-Based Paint 
i Hazards Were Found 
(# Homes Below Standards / # Homes) 


% of Blood Samples = 10 ywg/dL 


% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


_ All Floors 9.4% (6/112) 8.9% (10/112) 19.6% (22/112) | 


Carpeted Floors Only 2.9% (3/102) 2.9% (3/102) 4.9% (5/102) 
Uncarpeted Floors Only 3.7% (4/109) 7.3% (8/109) | 16.5% (18/109) | 


Window Sil 28.6% (32/112) | 32.1% (36/112) | 49.1% (55/112) | 


Window Wi a core 


soil (Average of average dripline 27.6% (29/105) 27.6% (29/105) | 27.6% (29/105) | 
and average play area) _ | : 


Play Area Soil Only ee 
| Paint es 


Performance Characteristics | 


Sensitivity 79.2% 87.5% 87.5% | 
| (LCB, UCB) | (57.8%, 92.9%) (67.6%, 97.3%) (67.6%, 97.3%) | 


Specificity 60.2% 56.8% | 38.6% 
~  (LCB%, UCB) (49.2%, 70.5%) (45.8%, 67.3%) (28.4%, 49.6%) 
Positive Predictive Value 35.2% 35.6% 28.0% 
(LCB%, UCB) (22.7%, 49.4%) | (23.6%, 49.1%) | (18.2%, 39.6%) 
| Negative Predictive Value | 91.4% 94.3% © (91.9% | 
| (LCB%, UCB) (81.0%, 97.1%) (84.3%, 98.8%) (78.1%, 98.3%) | 


Notes: 1. Floor and window sill samples were collected as dust wipes. Window well samples are not 
included in the Proposed Rule sampling scheme. All available dust samples (wipe) taken in the 
bedroom, play area, entryway, and kitchen were included in the analysis. Three core soil 
samples were taken on each side of the house (in general there were 12 core samples) and 
combined for a composite sample. 

See Table 5-4 for definitions of sampling protocols B-1, B-2, and B-3. 

NA indicates that these samples were not included in the analysis. 


a 





BA B2 B3 | 
(Geometric Mean) (Arithmetic Mean) | (Maximum Value) 
48.2% 52.7% 67.0% | 


Table G-22. Sampling Protocol Group B: Comparison of Various Methods of 
Characterizing Dust Wipe Samples, Using the Interim Guidance Standards 
(No Paint Samples). | | 


Sampling Protocol Group B 


BT B-2 | 
(Geometric Mean) (Arithmetic Mean) | 


eT 














B3 
(Maximum Value) jj 

























| # Homes Included in Analysis 112 | 
| % of Homes in Which Lead-Based Paint 
| Hazards Were Found 

| (# Homes Below Standards / # Homes) 








| % of Blood Samples 2 10 wg/dL 





% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
| (# of Homes Below Media Standards / # Homes in Which Samples Were Collected) | 


1.8% (2/112) 3.6% (4/112) 8% (9/112) | 
0% (0/102) 1% (1/102) 3.9% (4/102) | 
9% | 









Carpeted Floors Only 






ae 
16.1% (18/112) 22.3% (25/112) | 27.7% 181/112) | 
67.9% (76/112) | 
| 7.6% (8/105) | 7.6% (8/105) | 7.6% (8/105) | 


Uncarpeted Floors Only | 1 = =1.8% (2/109) 









Window Well 83% (93/112) | 
























__ Dripline Soil Only 






Play Area Soil Only 















| Performance Characteristics 


















91.7% 


83.3% 
73.0%, 99.0%) | 


62.6%, 95.3%) 


Sensitivity 75% | 
| (53.3%, 90.2%) 


(LCB, UCB 


























18.2% 


23.9% | 
(10.8%, 27.8%) || 


| (15.4%, 34.1%) 


31.8% 
(22.3%, 42.6% 


Specificity 
((LCB%, UCB) 














23.4% 


| 23.1% 23.0% | 
15.3%, 33.3%) | 


(14.3%, 34%) _ (14.6%, 33.2%) 


| 82.4% | 84.0% 
| (65.5%, 93.2%) | (63.9%, 95.5%) 


Notes: 1. Floor, window sill, and window well samples were collected as dust wipes. All available dust 
samples (wipe) taken in the bedroom, play area, entryway, and kitchen were included in the 
analysis. Three core soil samples were taken on each side of the house (in general there were 
12 core samples) and combined for a composite sample. 

2. See Table 5-4 for definitions of sampling protocols B-1, B-2, and B-3. 
3. NA indicates that these samples were not included in the analysis. 


Positive Predictive Value 
((LCB%, UCB) 





Negative Predictive Value 88.9% 
((LCB%, ). (65.3%, 98.6%) 





UCB 


Table G-23. Sampling Protocol C: Comparison of Lead Hazard Screen Outcome, Using 
the Interim Guidance Standards and the Proposed Rule Standards (XRF Paint 
Samples From Surfaces With >5% Deteriorated Paint). 









Sampling Protocol Group C (Lead Hazard Spoon) 


7 , Proposed Rule 






_Interim Guidance 







# Homes Included in Analysis 





| % of Homes in Which Lead-Based Paint 
i Hazards Were Found 
| (# Homes Below Standards / # Homes) 








| % of Blood Samples = 10 wg/dL 





% of Homes in Which Lead-Based Paint Hazards Were Found Based on Media Standards 
(# of Homes Below Media Standards / # Homes in Which Samples Were Collected) 


a neces 
eT aa ea 
et ae eS 










All Floors 






Carpeted F Floors Saty 






Uncarpeted Floors Only 









Window Sill 








Window Well 







Dripline Soil Only 







Play Area Soil Only 












Paint (> 5% deteriorated) 77.3% (68/88) 77. 3% (68/88) 










Performance Characteristics 










87.5% 
(67.6%, 97.3%) 


91.7% 
(73%, 99%) 


Sensitivity 
(LCB, UCB) 













25.0% 
(16%, 35%) 


17.0% 
(9.9%, 26.6%) 


Specificity 
(LCB, UCB) 
















25.0% 
(16%, 35%) 


22.3% 
(14.4%, 32.1%) 


Positive Predictive Value 
(LCB, UCB) 










91.7% 
(73%, 99%) 


83.3% 
(58.6%, 96.4%) 


Negative Predictive Value 
_(LCB, UCB) 






Notes: 1. Floor, window sill, and window well samples were collected as dust wipes. All available dust 
samples (wipe) taken in the bedroom, play area, entryway, and kitchen were included in the 
analysis. Three XRF paint-lead measurements were taken from various surfaces, and the three 
measurements for each surface were averaged. 

2. NA indicates that these samples were not included in the analysis. 
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APPENDIX H 


Summary Error Probability Tables and Graphs 
for the Interim Guidance Standards 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 
(Three Samples) 


Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 
(Three Samples) 


Estimators: ——-~ Geometric Mean 
~-~- Arithmetic Mean 
Maxim: 


Error Probability 


Error Probability 


60 100 iz0 140 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


60 100 120 140 160 180 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 





Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 
(Three Samples) 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 





Estimators: ~~ Geometric Mean 
-~~-- Arithmetic Mean 


Error Probability 


Error Probability 


400 500 600 
True House Geometric Mean Dust Leed Loading (ug/ft2) on Window Sills 


300 400 500 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 





Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Window Wells Dust Risk Assessment Standard Using Window Wells Dust Lead Hazard Screen Standard 


(Three Samples) 
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Figure H-1. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities for 


Three Floor, Window Sill, and Window Well Dust Samples Using the Interim 


Guidance Standards - Variance Components from the Rochester Study Lead- 
in-Dust Study Homes. 
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Error Probability 


Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 
(Four Samples) 


Estimators: Geometric Mean 
---- Arithmetic Mean 
Maxim 


60 100 120 140 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 
(Four Samples) 


Estimators: ——— Geometric Mean 
~~--- Arithmetic Mean 


200 300 400 500 
True House Geometric Mean Dust Lead Loading (ug/it2) on Window Sills 


Error Probability over a Range of True Conditions 
Using Window Wells Dust Risk Assessment Standard 
(Four Samples) 


Estimators: —— Geometric Mean 
~--- Arithmetic Mean 


~ 400 600 800 1000 1200 1400 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Wells 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 
(Four Samples) 


Estimators: Geometric Mean 
~~-- Arithmetic Mean 
Maxim 


BO 100 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 
(Four Samples) 


Estimators: ——— Geometric Mean 
~~~ Arithmetic Mean 


400 500 600 700 800 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 


Error Probability over a Range of True Conditions 
Using Window Wells Dust Lead Hazard Screen Standard 
(Four Samples) 


Estimators: ——— Geometric Mean 
--~-~- Arithmetic Mean 
Maximum 


400 600 1000 1200 1400 





True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Wells 


Figure H-2. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 


Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities for 


Four Floor, Window Sill, and Window Well Dust Samples Using the Interim 
Guidance Standards — Variance Components from the Rochester Lead-In-Dust 


Study Data. 


Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 
(Three Samples) 


Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 
(Three Samples) 


Error Probability 


Error Probability 


100 120 140 160 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


60 100 120 140 160 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floora 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 
(Three Samples) 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 
(Three Samples) 


> 
A 
F-1 
g 
a 
S 
& 


= 
a 
B 
s 
E 
i 
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True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 
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True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 


Error Probability over a Range of Trus Conditions 
Using Window Wells Dust Lead Hazard Screen Standard 
(Three Samples) 


Error Probability over s Range of True Conditions 
Using Window Wells Dust Risk Assessment Standard 
(Three Samples) 


Estimators: Geometric Mean 
-~~- Arithmetic Mean 
Maximum 


Error Probability 
Error Probability 
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Figure H-3. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities 
for Three Floor, Window Sill, and Window Well Dust Samples Using the — 
Interim Guidance Standards — Variance Components from the Rhode Island 
Department of Health Homes. | 
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Error Probability 


Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 
(Four Samples) 


——— Geometric Mean 
~~~ Arithmetic Mean 


60 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 
(Four Samples) 


Estimators: ———~ Geometric Mean 
---- Arithmetic Mean 


300 400 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 


Error Probability over a Range of True Conditions 
Using Window Wells Dust Risk Assessment Standard 
(Four Samples) 


——— Geometric Mean 
~--- Arithmetic Mean 
Maxim 


True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Wells 


Error Probability 


Error Probability 


Error Probability 


Error Probability over a Range of Trus Conditions 
Using Floors Dust Lead Hazard Screen Standard 
(Four Samples) 


Geometric Mean 
~--- Arithmetic Mean 


60 
True House Geomstric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 
(Four Samples) 
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Error Probability over a Range of True Conditions 
Using Window Wells Dust Lead Hazard Screen Standard 
’ (Four Samples) 


Geometric Mean 
~--- Arithmetic Mean 
Maximum 


600 B00 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Wells 





Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities 
for Four Floor, Window Sill, and Window Well Dust Samples Using the 
Interim Guidance Standards — Variance Components from the Rhode Island 
Department of Health Homes. 


Figure H-4. 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 
(Three Samples) 


Estimators: Geometric Mean 
' Arithmetic Mean 


Error Probability 


30 40 50 60 70 B80 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 
(Three Samples) 


Estimators: Geometric Mean 
' Arithmetic Mean 
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True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 


Error Probability over a Range of True Conditions 
Using Window Wells Dust Lead Hazard Screen Standard 
(Three Samples) 


Estimators: Geometric Mean 
' Arithmetic Mean 
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Error Probability 
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Figure H-5. Comparison of “Simple” Lead Hazard Screen Geometric Mean, Arithmetic 
Mean, and Maximum Value Error Probabilities for Three Floor and Window 


Well Dust Samples Using the Interim Guidance Standards — Variance 
Components from the Rochester Lead-In-Dust Study Homes. 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 
(Four Samples) 


Estirmnators: Geometric Mean 
‘ Arithmetic Mean 


Error Probability 
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Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 
(Four Samples) 


Estimators: Geometric Mean 
- Arithmetic Mean 
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Error Probability over a Range of True Conditions 
Using Window Wells Dust Lead Hazard Screen Standard 
(Four Samples) 
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Figure H-6. | Comparison of “Simple” Lead Hazard Screen Geometric Mean, Arithmetic 
Mean, and Maximum Value Error Probabilities for Four Floor and Window 
Well Dust Samples Using the Interim Guidance Standards — Variance 
Components from the Rochester Lead-In-Dust Study Homes. 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 
(Two Samples) 


Geometric Mean 
. Arithmetic Mean 


Error Probability 
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Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 
(Two Samples) — 


Geometric Mean 
' Arithmetic Mean 


Error Probability 
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Error Probability over a Range of True Conditions 
Using Window Wells Dust Lead Hazard Screen Standard 
(Two Samples) 
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Figure H-7. Comparison of “Simple” Lead Hazard Screen Geometric Mean, Arithmetic 
_ Mean, and Maximum Value Error Probabilities for Two Floor and Window 
Well Samples Using the Interim Guidance Standards — Variance Components 
from the Rhode Island Department of Health Data. 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 
(Three Samples) 


Estimators: Geometric Mean 
' Arithmetic Mean 
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Using Window Sills Dust Lead Hazard Screen Standard 
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Figure H-8. Comparison of “Simple” Lead Hazard Screen Geometric Mean, Arithmetic 


Mean, and Maximum Value Error Probabilities for Three Floor and Window 
Well Dust Samples Using the Interim Guidance Standards — Variance 


Components from the Rhode Island Department of Health Data. 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 
(Four Samples) 


Estimators: Geometric Mean 
‘ Arithmetic Mean 


Error Probability 


30 40 50 60 70 BO 


True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 
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Using Window Sills Dust Lead Hazard Screen Standard 
(Four Samples) 


Estimators: Geometric Mean 
' Arithmetic Mean 


nal 
~ 
Z 
[=] 
=) 
~~ 
On 
5 
Some 
fon 
ia 


200 300 400 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 
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Using Window Wells Dust Lead Hazard Screen Standard 
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Figure H-9. Comparison of “Simple” Lead Hazard Screen Geometric Mean, Arithmetic 
Mean, and Maximum Value Error Probabilities for Four Floor and Window 
Well Dust Samples Using the Interim Guidance Standards — Variance 
Components from the Rhode Island Department of Health Data. 
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Table H-1. Comparison of Risk Assessment and “Compound” Lead Hazard Screen Error 
Probabilities for Each Statistic Over a Range of Assumed “True” House Lead 
Levels for the Two, Three, and Four Floor Dust Samples Using the Interim 





Guidance Standards ' - Variance Components from the Rhode Island 
Department of Health Data. 





















Assumed Error Probability of the Statistic 























“True” = eniients See ene eee nena | 

House ; | | 

Floor Dust | Type | (False Positive) Error _ Type TI (False Negative) Error | 

Number Lead : 7 | 

of Loading Arithmetic | Geometric Maximum | Arithmetic | Geometric Maximum | 

| Assessment Samples (ug/ft?) Mean Mean Value Mean Mean Value | 


a 0.538 O. 439 0.718 QO. 466 i es QO. 282 
“Compound” 3 | 
| Lead Hazard 4 a oak 0.462 O. aed 0.358 0. sai QO. 13s 
| Screen | 
: == 0.703 | 0.475 0.936 0.525 | 0.064 
— 0.593 QO. 200. 0.750 OQ. ate 0. so 0.250 
Assessment 
= 0.717 0.500 0.938 0.329 Ta] 0.063 
=e ee ae | 0.020 | 0.050 _| 0.002_ 
' The floor dust wipe standard at which a home is found to have lead-based paint hazards was assumed 
to be 100 wg/ft? for the risk assessment and 50 yg/ft? for the lead hazard screen. 





H-11 


Table H-2. Comparison of Risk Assessment Error Probabilities for Each Statistic Over a 
Range of Assumed “True” House Lead Levels for Two, Three, and Four 
Window Sill Dust Samples Using the Interim Guidance Standards' — Variance 
Components from the Rhode Island Department of Health Data. 





“True” = : Error Probability of the Statistic = | 


House © 


| Window Sill | Type | (False Positive) Error : Type ll (False Negative) Error 


| a | Number | Dust Lead TE TAS : 

| Assessment sais | (gift) c Mean | c Mean Value . Mean Mean | Value | 

ce a en a 

a 

[soo [aoe [oars [ons [oan [ones [ov | 

ee 
a 


0.311 0.069 0.703 


—s 0.745 0.431. 0.931 0.317 0.569 © 0.069 


ee et terteet 
eet 
wd EA 
efor Pete fs aa a Poa 
ee ee Oe eRe CH at 
Paes oa [oa Pom 
xe ae ae ae oe 


Note: The lead hazard screen does recommend window sills be sampled. 








| “Compound” | 
| Lead | 
Hazard 
Screen 






ie) 








Risk | 
Assessment | 





' The window sill dust wipe standard at which a home is found to have lead-based paint hazards was 
assumed to be 500 yg/ft? for the risk assessment. 


Table H-3. Comparison of Risk Assessment and “Compound” Lead Hazard Screen Error 
Probabilities for Each Statistic Over a Range of Assumed “True” House Lead 
Levels for Two, Three, and Four Window Well Dust Samples Using the Interim 





Guidance Standards’ — Variance Components from the Rhode Island 
Department of Health Data. 











Assumed 





























“True” Error Probability of the Statistic 7 

Window | | | 

Well Dust | __ Type I ipeuse pestave! Error Type Il eee Negative) Error : 

Number Lead 
of — Loading | Arithmetic | Geometric | Maximum | Arithmetic | Geometric Maximum | | 
Samples = Mean Mean Value Mean Mean Value | 
| 0.245 245 | 0.118 | 115 ) 0.383 383 7 


Pepe fom Peer [oe oe | ae 
rs a 
ee ae eee 
Teo [oa Pom Pore ft 
es a 
a a 
eae et ae ae ae ae 
2 es eee 
To [oe [ows foo] . |. | | 
[ee [een [os [cae [oom [axe | na | 
 _ a AC 


1,600 oa ware MS 0.047 | 0.148 | 0.008 


' The window well dust wipe standard at which a home is found to have lead-based paint hazards was 
assumed to be 800 yg/ft? for the risk assessment and 400 yg/ft? for the lead hazard screen. 





“Compound” 
Lead Hazard 
Screen 















Risk 
Assessment 


Ww 








Table H-4. Comparison of Two, Three, and Four Side of House/Foundation Soil Samples 


Error Probabilities for Each Statistic Over a Range of Assumed “True” House 
Lead Levels Using the Interim Guidance Standards’ - Variance Components 
from the Rhode Island Department of Health Data. 











Error Probability of the Statistic a Z = 




































Assumed ee . = 
“True” House Type | (False Positive) Error Type Il (False Negative) Error. 
siuimbe: Soil Lead = ACERT ——— 
of — | Concentration | Arithmetic | Geometric | Maximum | Arithmetic | Geometric Maximum | 
Location Samples | | Mean Mean — Value Mean | Mean Value 


: pa foe Te ae ae 
T7800 |. |. |. | oa | 0260 | 0119 

[+ Fetes tee teat waren 
| 3 : 










| Side of 
| House/ 
| Foundation 


an 
vem ame [ome [ome one | on a 
a a a Oe 
| ae aa 
a ee ee 


' The soil standard at which a home is found to have lead-based paint hazards was assumed to be 
5,000 ppm. 





Table H-5. “Simple” Lead Hazard Screen Error Probabilities for Each Statistic Over a Range 
of Assumed “True” House Lead Level for Two, Three, and Four Floor and 
Window Well Dust Samples Using the Interim Guidance Standards' - Variance 
Components from the Rhode Island Study Data. 


Assumed | , | 
“True” House Type I (False Positive) Error Probability of the Statistic 


Dust Lead 
Number of | Loading _ 3 7 | 
Location _ Samples | — (ug/ft?) - Maximum Value 





| Floor 


| Window Sills 





Pp 400 | 770 | 813 | 0.984 
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' The floor dust wipe standard at which a home is found to have lead-based paint hazards was assumed to be 50 yg/ft? 
and the window well dust wipe standard at which a home is found to have lead-based paint hazards was assumed to be 
400 yg/ft?. 
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APPENDIX I 


Summary Error Probability Tables and Graphs 
for the Proposed Rule Standards 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 50 (ug/ft2) Using Floors Dust Lead Hazard Screen Standard 25 (ug/ft2) 
(Two Samples) (Two Samples) 


Error Probability 
Error Probability 


40 50 60 40 50 60 70 


True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors True House Geometric Mean Dust Lead Loading (ug/ft2) on Floora 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 250 (ug/ft2) Using Window Sills Dust Lead Hazard Screen Standard 125 (ug/ft2) 
(Two Samples) (Two Samples) 


Error Probability 
Error Probability 


200 300 350 150 200 250 350 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills True House Geometric Mean Dust Lead Loading (ug/!t2) on Window Sills 





Figure I-1. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities 
for Two Floor and Window Sill Dust Samples Using the Proposed Rule 
Standards —- Variance Components from the Rochester Lead-In-Dust Study 


Homes. 
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Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 50 (ug/ft2) 
(Three Samples) 


Estimators: ——— Geometric Mean 


%* *-# Arithmetic Mean 
--o--> Maximum 


40 50 60 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


_ Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 250 (ug/ft2) 
(Three Samples) 


Estimators: ——— Geometric Mean 


* **-* Arithmetic Mean 
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True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 25 (ug/ft2) 
(Three Samples) 


Estimators: Geometric Mean 


*+-* Arithmetic Mean 


40 50 60° 


True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 125 (ug/ft2) 
(Three Samples) 


Estimators: Geometric Mean 


* ah Arithmetic Mean 


150 200 250 300 350 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 





Figure I-2. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities for 


Three Floor and Window Sill Dust Samples Using the Proposed Rule 


Standards — Variance Components from the Rochester Lead-In-Dust Study 


Homes. 
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Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 50 (ug/ft2) Using Floors Dust Lead Hazard Screen Standard 25 (ug/ft2) 
(Four Samples) (Four Samples) 


Error Probability 
Error Probability 


40 


True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 250 (ug/ft2) Using Window Sills Dust Lead Hazard Screen Standard 125 (ug/{t2) 
(Four Samples) (Four Samples) 


Error Probability 
Error Probability 


200 4 4 500 150 200 250 300 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 





Figure I-3. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities for 


Four Floor and Window Sill Dust Samples Using the Proposed Rule Standards - 
Variance Components from the Rochester Study Data. 
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Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 50 (ug/ft2) Using Floors Dust Lead Hazard Screen Standard 25 (ug/ft2) 
(Two Samples) (Two Samples) 


Geometric Mean 


Error Probability 


Error Probability 


50 60 70 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


40 50 60 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 250 (ug/ft2) Using Window Sills Dust Lead Hasard Screen Standard 125 (ug/ft2) 
(Two Samples) (Two Samples) 


Estimators: Geometric Mean 
*+-« Jrithmotic Mean 


Error Probability 


Error Probability 
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150 200 250 300 350 
True Houss Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 


True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sille 





Figure I-4. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities for 


Two Floor and Window Sill Dust Samples Using the Proposed Rule Standards — 


Variance Components from the Rhode Island Department of Health Homes. 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 50 (ug/ft2) Using Floors Dust Lead Hazard Screen Standard 25 (ug/ft2) 
_ (Three Samples) (Three Samples) 


Estimators: ———— Geometric Mean 
*<«-+ Arithmetic Mean 
ecoees Maximum 


Estimators: Geometric Mean 
*+t- Arithmetic Mean 
Maximum 


Error Probability 
Error Probability 
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True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 250 (ug/ft2) 
(Three Samples) 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 125 (ug/ft2) 
(Three Samples) 


Estimators: Geometric Mean 
*+k-* Arithmetic Mean 
Maximum 


Error Probability 
Error Probability 





150 200 250 300 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 


150 200 250 300 350 400 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 





Figure I-5. Comparison of Risk Assessment and “Compound” Lead Hazard Screen 
Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities 
for Three Floor and Window Sill Dust Samples Using the Proposed Rule 
Standards - Variance Components from the Rhode Island Department of Health 
Homes. 
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Figure I-6. 


Error Probability over a Range of True Conditions 
Using Floors Dust Risk Assessment Standard 50 (ug/ft2) 
(Four Samples) 


Estimators: ——— Geometric Mean 
+ +~# Arithmetic Mean 
Maximum 


True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Risk Assessment Standard 250 (ug/ft2) 
(Four Samples) 
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Error Probability over a Range of True Conditions 
Using Floors Dust Lead Hazard Screen Standard 25 (ug/ft2) 
(Four Samples) 


Geometric Mean 
*+«-* Arithmetic Mean 
Maximum 


40 50 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Floors 


Error Probability over a Range of True Conditions 
Using Window Sills Dust Lead Hazard Screen Standard 125 (ug/ft2) 
(Four Samples) 


Geometric Mean 
*+*-# Arithmetic Mean 
Maximum 


150 200 250 
True House Geometric Mean Dust Lead Loading (ug/ft2) on Window Sills 





Comparison of Risk Assessment and “Compound” Lead Hazard Screen 


Geometric Mean, Arithmetic Mean, and Maximum Value Error Probabilities for 
Four Floor and Window Sill Dust Samples Using the Proposed Rule Standards — 


Variance Components from the Rhode Island Department of Health Homes. 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Soil Standard, 2000 ppm Using Soil Standard, 2000 ppm 
(Two Foundation Soil Samples) (Two Boundaries Soll Samples) 


Error Probability 
Error Probability 


1000 1500 2000 2500 3000 1000 1500 2000 
House Geometric Mean Soil Lead Concentration (ppm) on Foundation Houses Geometric Mean Soil Lead Concentration (ppm) on Boundaries 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Soil Standard, 2000 ppm Using Soil Standard, 2000 ppm 
(Three Foundation Soil Samples) (Three Boundaries Soil Samples) 
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1000 1500 2000 2500 3000 1000 1500 2000 2500 3000 3500 
House Geometric Mean Soil Lead Concentration (ppm) on Foundation House Geometric Mean Soil Lead Concentration (ppm) on Boundaries 


Error Probability over a Range of True Conditions Error Probability over a Range of True Conditions 
Using Soll Standard, 2000 ppm Using Soil Standard, 2000 ppm 
(Four Foundation Soil Samples) (Four Boundaries Soil Samples) 


Error Probability 
Error Probability 
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House Geometric Mean Soil Lead Concentration (ppm) on Foundation House Geometric Mean Soil Lead Concentration (ppm) on Boundaries 





Figure I-7. _ Comparison of Risk Assessment Geometric Mean, Arithmetic Mean, and 
Maximum Value Error Probabilities for Two, Three, and Four Soil Samples 
Collected from the Foundation of the Home and Boundary of the Property 
Using the Proposed Rule Standards - Variance Components from the CAP 
Study Data. 
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Error Probability over a Range of True Conditions 
Using Soil Standard, 2000 ppm 
(Two Foundation Soil Samples) 


Estimators: —————- Geormetric Mean 
' Arithmetic Mean 


Error Probability 
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House Geometric Mean Soil Lead Concentration (ppm) on Foundation 


Error Probability over a Range of True Conditions 
Using Soil Standard, 2000 ppm 
(Three Foundation Soil Samples) 


= 
im 
Ss 
e 
a 
E 
tad 


1000 1500 2000 2500 3000 _ 3500 


House Geometric Mean Soil Lead Concentration (ppm) on Foundation 


Error Probability over a Range of True Conditions 
Using Soil Standard, 2000 ppm 
(Four Foundation Soil Samples) 
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Figure I-8. Comparison of Risk Assessment Geometric Mean, Arithmetic Mean, and 
Maximum Value Error Probabilities for Two, Three, and Four Soil Samples 
Collected from Side of the House/Foundation for Homes Using the Proposed 


Rule Standards - Variance Components from the Rhode Island Department of 
Health Study Data. 


Table I-1. Comparison of Risk Assessment Error Probabilities for Each Statistic Over A 
Range of Assumed “True” House Lead Levels for Two, Three, and Four Floor 
Dust Samples Using the Proposed Rule Standards' - Variance Components 
from the Rochester Lead-In-Dust Study Data. : 









Error Probability of the Statistic 





Assumed 


























“True” | 

House Floor Type I (False Positive) Error Type Il (False Negative) Error —| 

Number Dust Lead | ae | 

| Samples (ug/ft?) Mean | Mean Value Mean Mean Value |] 


ee ee ee 
a SPA MP I 
i} “Compound | 
Screen | | 

a 
a | ae | eae | ae ee ee | 
a ee Se me 
es SO NN EE 
[| ox | oom | ome | | |. | 
| so | eso | osco | oss | zee | osoo | oras | 
a se ee 
ie a 


a 0.024 0.066 0.003 _ 


' The floor dust wipe standard at which a home is found to have lead-based paint hazards was assumed 
to be 50 ywg/ft? for the risk assessment and 25 yg/ft? for the lead hazard screen. : 





| Risk 
| Assessment 





Ta 


Table 1-2. Comparison of Risk Assessment Error Probabilities for Each Statistic Over A 
Range of Assumed “True” House Lead Levels for Two, Three, and Four 
Window Sill Samples Using the Proposed Rule Standards’ - Variance 
Components from the Rochester Lead-In-Dust Study Data. 


Assumed a nie ae | 2) : es 
“True” _.._- Error Probability of the Statistic 


House 
Window [| | ae a rae ce, | or 2 
Sill Dust. Type | (False Positive) Error Type Il (False Negative) Error 
El Lead TT =. —- maa 
Number of | Loading Arithmetic | Geometric | Maximum | Arithmetic | Geometric | Maximum | 
Assessment Samples (ug/ft?) | Mean Mean Value Mean — _ Mean Value 


125 0.304 0.470 
0.610 0.750 0.392 


0.131 









0.305 


0.086 





“Compound” 
Lead Hazard 
Screen 


O. 973° 0. 143 





0.162, 0.021 


0. 068 


0.119 0.006 
0.250 


0.074 


0.316 0.147 0.614 


0.681 0.875 0.303 
0.335 0. 112 0.719 


0.763 0.938 0. 288 
an 0.036 


The window sill dust wipe standard at which a home is found to have lead-based paint hazards was 
assumed to be 250 ywg/ft?. 






Risk 
ii Assessment 


0.125 


0. 147— 0.020 


0.063 


0.112 
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Table I-3. Comparison of Risk Assessment Error Probabilities for Each Statistic Over A 
Range of Assumed “True” House Lead Levels for Two, Three, and Four Floor 





Samples Using the Proposed Rule Standards’ - Variance Components from the 
Rhode Island Department of Health Data. 






Assumed Error Probability of the Statistic 


“True” 





























House Floor Type | (False Positive) Error ] Type li (False Negative) Error 
Number Dust Lead 
of Loading 





(ug/ft?) Mean Mean Value Mean Mean Value © 
[25 | 0120 | oor | oe | . | |_| 

og 
a a RC 

| Lead Hazard : i 
4 


Assessment Samples 





oe eae ee eee 
| too TT oat | 0.050] 0.002 | 
[25 | ozo7 | ova | once | . |. | 
i eee 

p too | 2 | ot22 | 0.042 | 
2 ere 


| Risk 
| Assessment 


[so | os2 | oso0 | 027s | oasa | osco | 0128 
[25 [ore | 000 [oer |. |. |. 
[so [0.717 | 0800 | oss | 020 | 0800 | 006s 
| too OT ST Ts .020 =| 0.050 | 0.002 | 


' The floor dust wipe standard at which a home is found to have lead-based paint hazards was assumed to 
be 50 ywg/ft? for the risk assessment and 25 yg/ft? for the lead hazard screen. 
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Table I-4. Comparison of Risk Assessment Error Probabilities for Each Statistic Over A 
Range of Assumed “True” House Lead Levels for Two, Three, and Four 
Window Sill Samples Using the Proposed Rule Standards’ - Variance 
Components from the Rhode Island Department of Health Data. 





















Assumed Error Probability of the Statistic 


Type | (False Positive) Error oo il (False Negative) Error 














“True” 

House 

Window Sill 

‘Number Dust Lead 
of Loading | Arithmetic | Geometric | Maximum Arithmetic Geometric | Maximum 
Samples (ug/ft?) Mean Mean Value Mean Mean Value 





' The window sill dust wipe standard at which a home is found to have lead-based paint hazards was 
assumed to be 250 yg/ft?. 


“Compound” 
Lead Hazard 
Screen 


125 


50 


_ 


Risk 
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Table 1S; Comparison of Error Probabilities for Each Statistic Over a Range of Assumed 
“True” House Lead Levels for Two, Three, and Four Boundary and Foundation 





_ Soil Samples Using the Proposed Rule Standards’ - Variance Components from 
the CAP Study Data. 














Error Probability of the Statistic 








Assumed | 





Type | (False Positive) Error - 












“True” House | Type Il (False Negative) Error | 
Number Soil Lead : = 7 
| | of Concentration | Arithmetic | Geometric | Maximum | Arithmetic | Geometric | Maximum 
Location Samples (ppm) Mean | Mean Value | Mean Mean — Value 








| | 1000 | 0.046 | 0.022 [ 0.150 | a 

seunsey, | 3 [2.000] 0615 | 800 | oars | oss | oso | ora 
ae 

3 





[11000 | on7s | ons | oar |. |. 
Fa ee 
4 
e500 





2 









Foundation 


| 0.500 | 0.938 0.342 _ 0.063 | 
sooo | | oer Tortus | 0.008 | 


a The soil standard at which a home is found to have lead-based paint hazards was assumed to be 
2,000 ppm. 
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Table I-6. Comparison of Error Probabilities for Each Statistic Over a Range of Assumed 
“True” House Lead Levels for Two, Three, and Four Side of House/Foundation 
Soil Samples Using the Proposed Rule Standards’ - Variance Components from 
the Rhode Island Department of Health Data. 


















Error Probability of the Statistic 


Type | (False Positive) Error 


























Assumed 
“True” House Type Ml (False Negative) Error 
Number Soil Lead 
of Concentration Arithmetic Geometric | Maximum | Arithmetic Geometric Maximum | 
Location Samples (ppm) Mean Mean Value Mean — Mean Value 








= 3,000 adit 0.229 0.286 0.119 
2,000 0.668 0.500 0.875 0.313 i 0.125 | 





| Side of 
| House/ 
| Foundation 


poe foe | one 


1 The soil standard at which a home is found to have lead-based paint hazards was assumed to be 
2,000 ppm. 


3,000 
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APPENDIX J 


Summary of the Pathways Analysis 
for the Rochester Lead-in-Dust Study Data 
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APPENDIX K 


Documents Used In Obtaining 
Health Department Data 


K-1 


Example K-1. The Data Set Assessment Form For the First Contact with Health 
- Departments 


Date of Assessment: 








i. Agency: Pennsylvania Department of Health 
Name: Helen Shuman 
City, State: 
Phone: ( ) 





2. Name of Data Set: 





3, Population Size: 





4. Program funded by: 





5. Data Available? YES NO 


6. Age of children in the program: 
TT 
7. Data collected: | 





a. Child blood-lead concentrations? YES NO 


Frequency of the blood-lead assessment: 





____ Every month 

____ Every other month 
____ Every three months 
____ Every six months 

____ Other (list frequency): 

b. Environmental samples collected? YES NO 
Dust? YES NO 
Soil? YES NO 
Paint? YES NO 
Other? YES NO 
Please specify: 
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Example K-1. The Data Set Assessment Form For the First Contact with Health 
Departments (Continued). 


Data Set Assessment - Part A Page - 2 


- Frequency of environmental sampling? 


OOO 


C. Assessment of the exposure in home, other sources of lead exposure outside of the 
home, socioeconomic factors, etc. YES NO 





By questionnaire? YES NO 
By interview at home? YES NO 
By telephone interview? YES NO 
Other? YES NO 
Please specify: 
8. What is the form of the data? 
Hardcopy”? YES NO 
Disk? YES NO 
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Example K-2. Letter and Data Information Sheet Sent to Health Departments for 
Formal Request of Data. i 


May 9, 1997 


{Person Contacted} 
{Department} 
{Agency} 

{Street Address} | 
{City, State Zip} 


Dear {Person Contacted}: 


This letter is a follow-up to a conversation you had with {Interviewer} of Battelle 
Memorial Institute and serves as a formal request for obtaining data from your agency. 


The Technical Branch of the U.S. Environmental Protection Agency is interested in 
evaluating different sampling protocols allowable under the Section 402 risk assessment protocol 
(40 CFR Part 745) to determine if certain protocols are more protective of public health than 
others. EPA has contracted with Battelle Memorial Institute of Columbus, Ohio to conduct this 
study. In order to evaluate the protocols, EPA needs pre-intervention blood lead and pre- 
intervention environmental samples of lead in dust, soil, and paint. Your data will be used to 
assess how well dust, soil, or paint samples collected under a given sampling protocol can 
identify a health hazard as measured by the blood-lead sample. This will be done on an 
aggregate level such that individual results will NOT be reported. 


In an earlier conversation, it was indicated that your agency has collected and maintained 
data that may be extremely useful for this project. We are very interested in obtaining your data. 
The attached sheet specifies the type of data, fields, and format (hardcopy or diskette) we are 
requesting. We understand that confidentiality is of great importance and will be provided. We 
do need to be able to link the environmental samples with the blood samples. Once that data is 
linked, we only require a unique identifier for each household, such as “House 1". Being able to 
uniquely link the blood samples with the environmental samples is very important, but we do not 
need to know the address of the house, the name of the child, or any other information from 
which the name or address could be deduced. 
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{Person Contacted} 
{Department} 
{Agency} 

Page 2 


Results of the data analysis will be used to provide additional information to help risk 
assessors evaluate potential lead-based paint hazards in a residential setting. You will receive a 
copy of the final report, and can be included in the review process of draft interim reports if you 


so choose. 


We appreciate your interest in helping us conduct this study. Please send your data to 
Virginia Sublet/Pam Hartford, Battelle Memorial Institute, 505 King Avenue, Columbus, Ohio, 


43201. 


If you have any questions regarding the requested data, the intent of the study, or the use 
of your data please contact Susan Dillman of my staff at (202) 260-5375, Virginia Sublet of 
Battelle at (614) 424-5406, or Pam Hartford of Battelle at (614) 424-5448. 


Sincerely, 


Brion Cook, Chief | 
Technical Branch 


Enclosures 


cc: S. Dillman — U.S. EPA 
V. Sublet — Battelle 
P. Hartford — Battelle 


DATA REQUEST AND INFORMATION SHEET 


The requested data should consist of samples that were collected prior to any 
intervention activities at the home or with the child. Also, the sample collection date for the 
environmental samples should be fairly close to the sample collection date for the related blood 
sample. 


The tables listed below should be used as a guide for the exact information being 
requested. The first column of the tables below list the variable requested and provides a brief 
explanation of the variable. The second column provides an order of importance on variables 
requested. The last column requests the name of the variable in the data set, if the variable is in 
_ the data set. If the variable is not available, then indicate with a ‘NA’. Ifa short answer provides 
the requested information, please list the information in this column instead of a variable name, 
e.g. the blood sampling technique may require only an answer of venous puncture since all 
children had blood drawn using that technique. 


Pre-Intervention Child Blood Sampling Variables Requested 





Importance of 
Requested Variable Name in 
| Variable Requested Information the Data Set* 


Blood sampling date Very Important | 
Blood-lead concentration Very Important 


Age of child when sampling occurred Very Important 


: {Preferably between 6 months and 6 years of age} 


| Unique identifier for the home the child resided in at time of Very Important 
sampling 


{lf there are multiple children within a home the identifier 
would be the same for all children} 


: Blood sampling technique —_ Moderately Important - 


* If a short answer provides the requested information, please list the information in this column instead of a 
variable name, e.g. The blood sampling technique may require only an answer of venous puncture since all 
children had blood drawn using that technique. 
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DATA REQUEST AND INFORMATION SHEET 


ie tervention EAVIFOnIMental sl aes wanes Requested 
| Importance of Variable Name i in | 
| Requested Information | the Data Set* | 


ao 1 
ee ets ft 


Very Important 


Sample type (i.e., composite or individual samples} _ ‘Very Important 
|__ Lab analysis technique | | Moderately Important _| 


| Limit of detection for the lab Moderately Important | 
| Pre-Intervention Soil Samples 


Date of soil sampling res 
_ Soil lead concentration es 
; Units of reported soil lead concentration —__—__ | i 
_ Sampling technique {/.e., core, surface scraping, etc. 7 
Sample type {f.e., composite or individual samples 


Ground covering fi. e., bare, grassy, % of area covered, | Moderately Important | 


iz Lab analysis technique eee | Moderately important | 
| Limit of detection for the lab «| Moderately Important_| 


| Pre-Intervention Paint Samples | _ 
| |___Very Important _ 


_Very Important 


















Variable Requested_ | —- 
| Unique identifier of home that can fe ‘aatched to the blood 
| sample(s). _ 
| Pre-Intervention Dust Samples 

| Date of dust sampling 
Dust lead level _ 
Units of reported dust lead level fi.e., ug/ft?, 


























Sampling technique i.e., wipe, vacuum, etc.} 


Sampling location {i.e., bedroom, play area, etc. 


Sampling component {i.e., carpeted floors, uncarpeted 
floors, window sill, window well} 













Date of paint sampling 





Paint lead levels 


| Units of reported paint lead levels fopm, %, mg/cm? Very Important 


3 ing technique {i.e., XRF, bulk scraping, etc., "Very Important 
Sample type {f.e., composite or individual samples Very Important _ 


Sampling location {i.e., interior or exterior, bedroom, Very Important 
_f room, porch, etc. - ; | _ 


Very Important _ 





Sampling component {i.e., wall, window sill, window 
well, etc. 


| Condition of the paint { i.e., poor, % deteriorated, etc.} | Very Important _ 


* If a short answer provides the requested information, please list the information in this column instead of a 
variable name, e.g. The blood sampling technique may require only an answer of venous puncture since all 
children had blood drawn using that technique. 





DATA REQUEST AND INFORMATION SHEET 


Please indicate the format of your data: [] o_o [_] Diskette 
If diskette, what software was used? . | eee 





Please indicate if any of your data collection efforts were funded by the HUD Lead-Based Paint 
Hazard Control Grant Program. LJ Yes L] No 





If you are willing to help us in this project, please return a copy of this sheet with your 
data to the following address: 


Virginia Sublet / Pam Hartford 
Battelle Memorial Institute 
905 King Avenue 

Columbus, OH 43201 


Or, if you have additional questions, please contact: 


Virginia Sublet (614) 424-5406 
Pam Hartford (614) 424-5448 
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APPENDIX L 


Sampling Distributions of the Statistics and 
Error Probability Calculations 
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Appendix L 


Sampling Distributions of the Statistics and 
Error Probability Calculations 


The observed natural logarithmically transformed lead level, log(Y;,), was assumed to 
follow a normal distribution with mean p,; and variance G,’, i.e., 


log(Y,) iid ~Normal(p,, 42), k=1,2, ....n 
where 


YY, _k" observed lead level in the home for component/media i — 
1 floor dust, window sill dust, window well dust, foundation soil, boundaries soil, 
or paint. | 
An assumption was that no room was more indicative of the risk of lead exposure to 
children than any other room within the house. 
To compare the effectiveness of the estimators in providing an accurate assessment of the 


true house lead levels, a hypothesis test was constructed: 


Hy: p< log §; 

H,: pw, 2 log S.. 
Under the null hypothesis, Hp, the true house lead level for media 1 was below the media 
standard, while under the alternative hypothesis, H,, the home’s true lead level for media 1 was 
above or equal to the media standard. Of interest were the probabilities of correct and incorrect 
decisions based on the estimated “true” media lead level at the home. In particular, the Type I 


(false positive) and Type II (false negative) error probabilities defined below. 


P (TypeI Error) = P(conclude H, | H, is true) 
= P(Y; 2 S; | n, < log 8;) 


P (Type II Error) = P(conclude H, | H, is true) 
= P(Y;; <S; | Hy; 2 log S;) 


where 


Yj observed lead level in the home for component/media i and estimator j 
S; standard for component/media i 
Li, true average log lead level within home for each component/media i 
1 floor dust, window sill dust, window well dust, soil, and paint, 
J geometric mean, arithmetic mean, and maximum value. 
Sampling Distribution of the Geometric Mean 
Let G, = geometric mean of Y,, componentimedia i with k rooms sampled (k locations, in the 
case of on data), k= 1, 2,. 
= TI ean 
k=1 


Then log (G) -(- 1) g fie | zee 


2 
~ Normal ( bi = 


since log(Y,,) 11d ~Normal(u,, 0,7), k=1,2, ..., n 
Therefore, under the above hypotheses, 


(1) given that H,: pu, < log S. is true, 


P(G; 2 Si) 
P(log(G,)= log(S;)) 
P([log(G)) - (u,)/(o7/n)" > [log(S,) - (uo, ?/n)"”) 
P(Z > [log(S,) - (uj) /(o7/n)"), 
— since log(G,) ~Normal(p,, 0,7/n) 


P(Type I Error) 


where Z ~N(O, 1). 
(2) given that H,: p, 2 log S, is true, 


P (Type II Error) = P(G,<S,) 
P(log(G;) < log(S;)) 

_ P(flog(G,)- (uj) /(o?/n)"” < [log(S,) - (4) /(G2/n)"”) 
P(Z < [log(S;) - (u,)]/(o?/n)”), 
since log(G,) ~Normal(,, 0,2/n) 


where Z ~N(0, 1). 


Sampling Distribution of the Arithmetic Mean 


There is no simple form of the sampling distribution of the arithmetic mean. Therefore, 
the error probabilities were estimated via simulation based on the empirical distribution of the 
arithmetic mean. 

Sampling Distribution of the Maximum Value 


The sampling distribution of the maximum value is derived below. 


Let M, denote the maximum value of n measurements, Yj. J = 1, .... non the same 
component/media at a single house. 


Then, 
(1) Given that p,; < log S,; is true, 
P(Type I Error) = P(M,;, 2 S,) 


= 1-P(M;<S)) 
1 - Type II Error, 


where Type II Error is described below. 


(2) Given that p, 2 log S, is true, 


P(Type II Error) = P(M, <S,), 

P(Y,, <S,, Y, <S, «.) Yin < Sis )s 

P(log(Y;,) < log(S;), log(Y;,) < log(S,), ..., log(Y;,) < log(S;)) 

= P(log(Y;,) < log(S;))-PUog(Y;j2) < log(s; )) ‘P(log(Y;,) < log(S;)) 


= [Pllog(Y;,) < log(S,))I’, 


since log(Y,) are independent and identically distributed, 
= [P([log(Y;y - (u;)]/o, < [log(S;) - (u)/o,)" 
= [PZ <[log(S,) - (uJ /o;)’, 


where Z ~N(0, 1), since log(Y,) distributed ~Normal(,, 0,7) 
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